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STANDAED IilBBABY. 


4«. SCKtEQEL'S UECTUItES ON MODERN HISTORY. 1 

47. LAMAlkTINE’S HBtORY OF THE FRENCH REVOLUTION Of t|i48» 1 
46 & 50. UUNIUS’S LETTERS, with Notea, Additions. Essay, Index. S»t. S'Vola. 1 

46, 65. 60. 65. 71. VASARI S LIVES OF THE MOST CELEBRATED RAINTERS, 1 
SCULPTORS. AND ARCHITECTSu Translated by Alas. Eoarea, wiiU Note? $ 
Omi^etc iu & Vuis.. witli iudex. # 

61. TAYLOR S (JEREMY) HOLY LIVING AND DYING. Forlrml, | 

52. GOETHE'S WORKS. Vol. III. [« Faust,” “Iphij^nm,” “Torquato Tuoan,** I 
:<trd “ Ky:rnont.”l Trnnshited by Miss SwANWiCK. With "QiwH von iler* 3 
licliiugeu,” tninsfated by Siu Waltks Scoyy. 2 

63. 66, 58. 61. 66. 67, 76, dc 82. NEANDER'S CHURCH HISTORY. Carefully | 

revised by the Kkv. A. J. \V. MuaRisoN. 8 Vuls. With index. | 

64. NEANDER'S LIFE OF CHRIST. J 

57, 64. NEANDER'S PLANTING OF CHRISTIANITY, & ANTIGNOSTIKU®, } 

d Vols. I 

50. GREGORY'S (OR.) LETTERS ON THE CHRISTIAN Jt El IGION. J 

62 Sc 63. 4AMES' (G. P. R.) LOUIS WV. Complete iu 2 Vole. P«rtrttUs. I 

63 St 70. SIR JOSHUA REYNOLDS' LITERARY WORKS, with Mcwwr,2 Vols. 1 

63. ANDREW FULLER'S PRINCIPAL WORKS. Portrait. I 

72. D'JTLER’S ANALOGY OF RELIGION, AND SERMONS, with Kotw. &c. 1 

Portrait, ^ J 

73. MISS BREMER’S WORKS. Translated by MAitT Hfwpirr. Nw Kdrtion, revised. ^ 

Vol. 1. [“The Keiijhbour8,”aud other Tates.] F<»atSl%. Portrait, S.». (JJ. j 

74. NEANDER'S MEMORIALS OF CHRISTIAN LIFE IN THE EARLY AND ! 

MIDDLE AGES (inclndiug his “LiRlit in Dark Places”). Post 8vo. iluiUl. } 

76. MISS BREMER'S WORKS, by MARY UOWITT. Vftl. U. “The Prcsuleat’s | 
Daughters.” Portrait, , ' 

77 Sc eo. JOHN FOSTER’S LIFE AND CORRESPONDENCE, edited by .1. K. ! 
Hvi.akd. Iu 2 Volumes. Portrait, 

78. BACON'S ESSAYS, APOPHTHEGMS, WISDOM OF THE ANCIENTS, 
NEW .ATALANTIS, AND HENRY Vil., with Disscriulioii and holes. 
Portrait. 

73. GUIZOTS HISTORY OF REPRESENTATIVE GOVERNMENT, traU-sluLod 
frojn the Frcndi by A. K. Scobuk. WitJi Index. 

83. MISS BREMER'S WORKS, by Maby Howitt. Vol. III. ’‘The ilome, and 

Strife and Peace.” 

84. oe LOLME ON THE CONSTITUTION OF ENGLAND, <rr. Account «f the 

English Govei'nmenti edited, u'ith Litis mid holes, by Joii» MACauKuun, M.P. 

85. HISTORY OF THE HOUSE OF AUSTRIA, fj’Otn''T7!)3 to tlie present time; in 

continuation uf COKE. Portrait of the f^etmt Emperor. ^ ' 

C7 & 88. FOSTER’S LECTURES, edited by J. E. Rylawu. 2 vote. 

83* MISS BREMERS WORKS, by MARY HOWITT, Vol )V “ A Diary ; The 

II Dumilv; The Solitary; The Ctemfoitcr; Axel aud Anna; and u Letter 

about .Suppers.* * 

30. SMITH’S (ADAM) THEORY OF MORAL SENTIMENTS! w»d ^ 

the First Formation of Languages,” with Memoir by Dcoai.u Sykwaat. 

31, 36, 96, 39, 102, 103, 106, Sc 106. COWPER'S COMPLETE WORKS, EdA 

by South KY; comprising his Poems, Correspcndwice, and TruHsattiiiw, wfm, 
Southey’s Memoir. IPil^ 60 Engravinge an Steel, Complete in 8 vote. ^ ^ 




W BOHN'S STANDARD LIBRARY. JT j 

^ ^ nANUBIAN PROVINCES.— Rankk's History i>f Scrvia, The ^rvi.iri llevolu- • 
^<a. The Insurrection in iiosuia, and The Slave rroviuecs of Turki’v. 'li imsialeu { 
by jtfm. Kkbk. * 

03. GOETHE'S ELECTIVE AFFINITIES. SORROWS OF WERTHER. GERMAN \ 

EMIGRANTS, GOOD WOMEN; autt A NOUVELETTE. ‘ 

94. THE CARAFAS OF MAODALONI : Naples under Spanish l^niinion. Trans- c 
latcd frojij ilie German of Alitkbu ur Howko.vt. Vortrait of Musuntello. ^ 

07, 109, & 112. CONOR’S HISTORY OF THE ARABS IN SPAIN. Trau'^latcd J 
iroin the Spauisli by Mils. Toster. In S vola. witli cupions Index. Front'ispicre. c 

98 & 104. LOCKE'S PHILOSOPHICAL WORKS, conlaining the Essay on fhe 6 
Human Undcrstaiidinfr, the Conduct of the liiiderstaniim;:, &c., mill NiUcs by f 
J. A. St. Joun, Esq, Geuenil Index and u VorLrait. In d Vols. ' (, 

100. HUNGARY: ITS HISTORY AND REVOLUTIONS, 'tvitli a Cojibms Memoir \ 
of Kossuth, from new and authentic sources. J^ortni 'd (f Kossulh. ® 

101 Se. 113. HISTORY OF RUSSIA to the present time, rompiled from Karamstx, ^ 
Tooke, and Sehuii, by \V. Iv. Kku.y. la d vols. witb I niie\, torlrails of CuLkenne c 
the Second, I^icholas, and Mentschikopf. ^ 

107 & 108. JAMES'S ^G. P. R.) LIFE OF RICHARD CCEUR DE LION, Kin-r of 5 
I'hi{;land. New Edition, witli Portraits oj Rickard ami Rkilip Aufjnutus. Com- d 
plctc in 2 vols. ^ 

110 & 111. SMYTH'S LECTURES ON MODERN HISTORY. New Edition, with J 
the Author’s last eorrcclions, and a Geurrnl Index. 2 vols. 

114. GOETHE'S WILHELM MEISTER'S APPRENTICESHIP. Complete. f 

116. BEAUMONT AND FLETCHER, in a popular form, by Lriou Hunt. J 

116. 117. SMYTH'S LECTURES ON THE HISTORY OF THE FRENCH REVO- I 
LUTION. New. edition, with the Author’s lust corrections, im adilitional Lectun*, J 
and a Generul Index. Complete in two Vols. * 

118, MIGNETS HISTORY OF THE FRENCH REVOLUTION, from 17SP to 181 1 J 

119, GUIZOT'S HISTORY OF. THE ENGLISH REVOLUTION . OF 1640. f 
Witii a I’lcliminary E^isay on its cau-scs and success. Truuslalcil by W,m. IIa/.i.itt. Q 

120, 121, & 122. GUIZOTS HISTORY OF CIVILIZATION, from the Fall ot the \ 

Ilomau Empire to the Ercnt h Ibwoiniion. 'rran.sluicd liy \V, llA/.i.n r. In ;> vols. ® 
With index, and kortraitu of' M.Gni:nl, Cnnrfetnnpnc, m l LouIh IX. J 

123 St 124. THIERRY'S HISTORY OF THE CONQUEST OF ENGLAND BY c 
'rilM NOItMWS. Trau.slafcd hy W. Haxj.I'it. in d vols. Ih 

126 St -126.^ FOSTERS CRITICAL ESSAYS, contributed to the LekeMc Review. J 
J'.dift'd hy J. I']. hvi.AMi, M.A. Ill vols. ff 

127. LUTHER S TABLE-TALK; with Life hy A. Cuat.mkus. Portvnil. \ 

128, 129. 130 St 131. LAMARTINE'S HISTORY OF THE RESTORATION, I 

4 Mils, popt Hvo. new Kuition, with a (bme.r.il Index, and r, aiiilitional iPor/'mi/s, ; 
viz., liamartine, Talleyrand, Lafayette, Ney. nnd Louis XVII. Cloth. j 

132. CARREL'S COUNTER-REVOLUTION IN ENGLAND— FOX’S HISTORY OT J 
JAMES 11 .— And LUlU) LONSJIALL’S MK.MOl ii OF .1 A.M Ks 11 . I’oriraiu « 
of Carrel ami Fox. j 

BOHN’S EXTRA VQLUWeS. I 

Vniform vritk the Standaiii) LinitABY, jmee Zs. 6(/. tj 

1. ORAMMONT’S MEMOIRS OF THE COURT OF CHARLES II. PortraU. \ 
2 St 3. RABELAIS' WORKS. Complete in 2 Vols, PortraiL i 

4. COUNT HAMILTON'S FAIRY TALES. Portrait. I 

6. BOCCACCIO'S DECAMERON, a complete Translation, hy \V. K. Kellt, Esq. t 

Portrait. ^ | 

6. CERVANTES' EXEMPLARY NOVELS, complete. PoHrait. | 

7. THE HEPTAMERON. Tales in the manner of Boccaccio, by Maugaret OuuBif I 

OV Navaarx. Fine Portrait. | 

4A i 





UNIFORM WITH THE STANDARD LIBRARY^ 




BARBAULD’S (MRS,) SELECTIONS FROM THE SPECTATOR, TATLER, gfn 
GUARDIAN, AND FREEHOLDER. In li Vols. Sj. Od. per Volume. < 

ERITISH POETS, from MtT.TON to Kiukr Whitk, Cabinet Edition, compTiftin^, in a ^ 
very aniall bnt remarkably clear type, as mticl) matter as the sixty volumes of 
Jolinsou’s Eoeta. Cumplctc in 4 V4ls. Frontispieces, llj. 

CARY'S TRANSLATION OF DANTE. Extra cloth. 7**. GJ. ^ 

CATTERNIOLE’S EVENINGS AT HAODON HALL. 21 exquisite Eiv^rarin.^s on S 
Steel, Iram Ociii'^Mis l»y liimself; the Letter-Press by the Lakonkss i>k Cala- 
nuRLLA. Post &YO. 7^. Gd. 5:2 

CHILUNGWORTH'S RELIGION OF PROTESTANTS. S- 6^f. g 

Classic TALEIS; coinprisinaf The Vicar of 'Wakoneld, Eli/abcih, V;ml nwtl Virsinia, 6tji] 
Gulliver s Travels, Si erne’s Sentimental .louruey, Sorrows of AYcrter, rbr<Hlosiu8 
ami Constautia, Castle of Otranto, and llasaclas. 12mu. Portraits, ojf. Oi/. 

DEMOSTHENES. Tiaiislated by LM.Axn. Portrait. Sj. ^ 

DICKSON AND MOVlfBRAY ON POULTRY. Edited by Mks. LouiXiX, Ilhis- 

tratious i>y 11 ahvkv (.includini; tlie Coehiu-China Fowl), os. tP. 

HORACE'S ODES AND ERODES, translated literally ami rhythmically, by the Kkv. 

W. SiiWKi.i.. Sj. IW. ... ^ 

IRVING'S (WASHINGTON) WORKS. Complete in 10 Vols., £1 l.'r., or Zs. U. g 
]»er Vol, 


Ci; 

% 

h. 


JOYCE'S SCIENTIFIC DIALOGUES. Greatly Tin proved Edition, with (^lestioas, See., 
by !'l.\^ocK.. <*1 GOO pa'j;os). 'n'ooJvuts. fio'. 

JOYCE'S INTRODUCTION TO THE ARTS AND SCIENCES. Ca-. 

LAM^tRTlNES THREE MONTHS (N POWER. Scued, 

LAMARTINES POETICAL MEDITATIONS AND RELIGIOU^. HARMONIES, 

Willi llioiirapliieiii ^i^etch. Ponrait. Clolh, .'L. Gr/. 

LAWRENCES LECTURES ON COMPARATIVE ANATOMY, PHYSIOLOGY, 
ZOOLOGY, AND THE NATURAL HISTORY OF MAN. FrvnUsjorce and 
Plates, os. , ^ 

LILLY'S INTRODUCTION TO ASTROLOGY. A New ami Improved Edition, by 
Zaukiki., n illi bis Grammar of Astrolojry, ami Ttibles of Main ilic'i. Ti.v. 

C>. 

I 
I 

d- 

Cl 


LOUDON'S (MRS.) ENTERTAINING NATURALIST, a iVseriplion of more than 
Five Hundred Aiiimai.i, wiili Indexes of Seieiilifie ami J'opiiiar .Names. H'ih’i 
ii/urards of 5<)0 U'judcnt.'^j bp JIkwjck, Hauvky, See. Kevised Jiml eniurgeU. 
'is. fw/. 

LOWTH’S LECTURES ON THE SACRED POETRY OF THE HEBREWS. 

Zs.Snl. 

MICHELETS HISTORY OF THE FRENCH REVOLUTION, is. 

Third lle'.ised and Imjirovcd lildition. 


MILLER'S PHILOSOPHY OF HISTORY, 

4 I ol tunes, at on. (jd. per Volume. 

MITFORD’S (MISSl OUR VILLAGE. 0 Vola., .New ’Edition, tVoodenis amil 
li/iil Frontispieces on Steel, };i!t. cloth. Each VuJ. os. 

NORWAY. A lload Rook for Tourists in Norway, with Tlinls to Eiv^lisli ?;’ortBtncn and 

.\n;.;ler6, by 'J’lioMAis Eukkmkh, Ksq. Luup dotli. x'.v. ^ 

PARKES* ELEMENTARY CHEMISTRY, iycorpwi'.in- tlic CATECIIIS.AI. New 

Edition, wilh wood cuts, re\ ised, Ils. td. gi 

Ci 
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UNIFOBM WITH THE STANDARD LIBRARY. 

8HAK9FEARE*S PLAYS AND POEMS, with Life, by Chalmers. In 1 Vol 

Z$. 6d. 


the snme, Embellubed with 40 pleitsUis S/cel Fuffrariuffs, clegiiutly bound 

in rwd Turkey cloth, gilt edges, os. 

STANDARD LIBRARY CYCLOP/EDfA OF POLITICAL, CONSTITUTIONAL, 
STATISTICAL, AND FORENSIC KNOWLEDGE. 4 Vois. Si. GJ. cucli. 

ThU work contains as macli as clirht orilinary octavos. It was first puLlishcd in anoflnir 
sliape by Mr. CUartes KiiigUt, vinder the title of Pullttcal t>lcliouar>‘, at £l !<«. Th« Cam 
pilcr, Miu Grwkos Louo, is one of the most contpelcut Scholars of the day. 

STURM S MORNING COMMUNINGS WITH GOD. New' Edition, os. 

UNCLE TOM'S CABIN, with Introductory Rcmniks by the Rkv. J. 

(tu'iiitcd ill a large clear type, with liead-lines of Contents). 25. Gd. 


Tlie same, on fine paper, with 8 new Ulustralions by Leech etud Gilbert, ^ 


euul a beautiful Frontispiece by lliNCitLiyR. 35. Gd. 

THE WIDE, WIDE WORLD, by Elizabeth Wetherell. Complete in \ \o\,mtk 
Frontispiece, gilt edges. Ss. Gd. 

The aanic, Illustrated with 9 highly finished Fngratings on Steel, richly 
bound in cloth, gilt edges. 65 . 

BOHN’S LIBRARY OF FRENCH MEMOIRS. 

Vnijorm with the Stanuaru Library, price os. Gd. per Vuhtme. 

1 &2. MEMOIRS OF PHILIP DE COMMINES. cunlaiMinir the Histories ol Louis XI. 
and Charles VHI., King-t of I’rnnct*, and of Charh s the UoUl, Duke of Uurguiidy. 
To which is added, The Scandalous Chroiticie. iu 2 vuluiucs. Fortrails. 

3, 4, 6 &. 6. MEMOIRS OF THE DUKE OF SULLY. Prime Minister to Henry the 
Great. With Notes and an Historical Introduction by Sir Walter .Scott. 
In 4 vols. With a Geuerul Index. Portraits. 


1 BOHNS SCIENTIFIC LIBRARY. 

^ Ua form with the STANriAKi) Libuary, price Gs., (iixcef.tinrj ** Cosmos," KUI<1, and 
IVhetcell, %ehlck are :is. OU., a/ul MufUell’s Petr IfrcHons," irhich unis.) 

S t. STAUNTON'S CHESS PLAYER'S HAND-BOOK, v<7/i jD.V/^r«,n5. 
g 2. LECTURES ON PAINTING, hy THE UOYAL AC.\i)EMlCI.\NS. 

3, 4, 8, 8c 10. HUMBOLDTS COSMOS; or, Skeirh nf a Physical TVseriptiuii of 
the I'niverso. Tnnislaicd, with Nouh, hy E. L. OriK. In 4 Voh., viih due 
Portrait. This 'rniiislfitioii (tluiuyh piililishVd at so low a pried is more eoiu|iU*te 
(lian any other. The Notes are placed lieiieath the ir\t. ilunilyilrlt''; .uialytica 
BUinnmrtes, and the passages hitherto suppressed, are lUcluUcd; and Compreiieiibive 
Indices suiijoined. .H 5 . 6a. per Volume. 

6. STAUNTON’S CHESS PLAYER S COMPANION, romprising a New Treatise on 
Odds, a (Joilection of Match Gaines, Original Prohlenis, Ike. 

^ e. HAND-BOOK OF GAMES, by VAlliOUS AMATl.L’RS amd PllOl'L.S.-iOliS. 
iO 7. HUMBOLDTS VI E WS OF NATURE, triih coloured rino if Ckimloruio, Pc. 

2 9. RICHARDSON S GEOLOGY. AND PAL/EONTOLOGY, Revised hy Dr. Wrioiit, 

w tcith upwards of lUastratious on Wood. 

A 10. STOCKHARDT'S PRINCIPLES OF CHEMISTRY, i:.\cmplificil in Simple r.vpe- 
^ rimeiits, with upwards of 27U JUnstraiions. 

SI 11. DR., G. A. MANTELLS PETRIFACTIONS AMD THEIR TEACHINGS: A 

3 Hand-Book to the iossils lu the British Muacuni. Pcuulijul Wood Fugracinys. Gj 


0 

1 


\ 12. AGASSIZ AND GOULD S COWPARATIVE PHYSIOLOGY. New aud Enlarged 
1 J’Mjtioii, teith nrarhf 4{K) Illustralions. 

13, 9. ic 28. HUMBOLDTS PERSONAL NARRATIVE OF HIS TRAVELS IN 
\ ’ AMERICA. 'Vitli Gpnrral Index. 

I 14 YE SMITH S GEOLOGY AND SCRIPTURE. I’ifth Edition, with Memoir. 

? OERSTEDS SOUL IN NATURE, Sao. J*ortrait. 

' 17 STAUNTON S CHESS TOURNAMENT, wi/A 

U- * 20. BRIDGEWATER TREATISES. Kiuby on the llislfM-y. ITidnts, and 
' Ijistincts of Animals ; Edited hy T. Kvmkji Jos j;.«. in 2 Vols. Many JUustratious. 

» 2! BRIDGEWATER TREATISES. Kid<» On the AdaiJiaiioa of External 
3 Nature to the J’hysieal I'ondition of Man. 3jf. fu/. 

^ 22. :jRIDG€WATER TREATISES. Whkwki.i/s Astronomy and General Vhysira, 
I coushhued with reference to KatunU Tlicolojry. Forlrnit of Lht Hurl of 

3 ItniinevaUfr. lls. Od. 

> 23. CHOUVVS EARTH, PLANTS. AND MAN, and KOBELLS SKETCHES 

5 FROM THE MINERAL KINGDOM, Translated hv A. Uknitrky. F.K.S., &c. 

3 24. BRIDGEWATER TREATISES. Ciiai.mkhs on the Adaptntfou ot t-xterm.. 

I Nature to the .Mtiral and Inlclli-etual CunsttUition of Man, witli the Author's last 

j OuTections. and Itiopapl cal SkiMeh hv like Ukv. Dp.. Cummino. 

\ 25. BACONS NOVUM ORGANUM AND ADVANCEMENT OF LEARNING. 

I Comphie. w’.iii N*ites, hv .1. Dk yky, M.A. 

) 27. HUMPHREYS COIN COLLECTOR’S MANUAL: n popular introduction 

? V) ll’.e Study ol t 'oins, aueient and luoderji; wiiii dahoniLc Indexes, and mtuuroits 

j litnififd Hu'/ruriti.s on ir,u<if aud iSVcr/, '2 Vols. 

I 29. •■' ih'lTt S PHILOSOPHY OF THE SCIENCES, Edited fiom the ‘ Cours do 
' ^•hi!o^()pilie PnHitive,’ bv G. 11. I.kwks, Esq. 

; 30. MANTELL'S (3>h.) GEOLOGICAL EJXURSIONS. iuclmlin|j: THE ISLE OF 
I WIGHT. New Edition, with J’refatory Note liy T. F . PKur Jonks, E.sq., numerous 

> heaiiftf't'f U'oodt'uts, and a (indoniiul Map, 

\ 31. Hl'Nl S POETRY OF SCIENCE; <'r, Studios of the rijysieal I’henomeiift of 

> N'ainro. ; nl Edition, re\ isod amt onh'.r.o'd. 

> 32 fir. 33 ENNEMOSER'S HISTORY Of' MAGIC, Tramdated from the German by 

> AVii.tnvM Ildtvi iT. \\ !‘.li an .\j)p«Mi'Ux hy H.\RV Dowitt. In i! Vols. 

I 34. HUNT'S ELEMENTAEY PHYSICS; an' Jntimlnetn.n to tin* Simly of Natural 
I l’liil()«rp!iN . New Ed!' ' 'Ji, nn lui’n-an^i If'cadcnh aud I'iilourtd Froutlsplecf. 

I 35. n.*\.ND300’K or DOMF.STIC MCDICINE, hy an eminent Diiysieian ^;o^) payees), 
i 3*3. srANLry'.F CLASl-.rltU SYNCrSIS of Duteh, Eiemish, ami (lermuu rainters. 

I 11 . BK!C'GhV/ATE!f TKEATIGtS. rtnn r on Chemistry, Mei,cio!,'i;:y, and the 
I i'lit..'! lull !'!•_ '-iiin. Jiii.ieil l:y l)i:, (ji: 1 1 ni It. i'nhmrrd Ulofis. 

) .33. JOYCl*'£ scientific DIALOGUES. New and I'.ulai-er ‘''ilnio.i. comjdeted 

5 l(» tlic pn-'fiit HtMc 1 ) 1 ’ Iviumieilfre hy Dll. titUKFITII. AV/k,'’' '' if.v Iroodruts. 

) 39. STOCKHAr?r)S AGRICULTURAL 'CHEMISTRY: or CHEMICAL FIELD 
» LECTURES. Aihln -irti-d FaniuTS. WiHi .Xote-^ hv rilOKK.‘'.s»ili llKMfXEY and 

5 :• Paper on LIQl'lD M.WniE, hy J. J. .Mm iii, Esq. 

t 40. BLAIR S CHRONOLOGICAL TABL’^S. ki mskii ami FM.MinKn; compre- 
) heiidin;^' 1 Of f’hrniiol.c'y and lIislDry iil’ th«- World to iS^f,. Dy J. W. llo.ssK, 

; (upwards of SOI) p;.;;,.. 4 ,. Double vrMume, In.'. — or hall-moroceo, l-lv. (tU. 

^ 41. BO:LLF.Y'5 MANUAL OF TECHNICAL AMA 1 vgis; a Guide for the TestiufMif 
\ Natural and \rlili(i:il '<nl»it!ui *es. hv It. II. I’At i.. lOO worn! eiiLO-avinii.q. 

I 42. MANTELL’S WONDERS OF GEOLOGY; or. a E.-nniliar Exposition of Geolnpieal 
» PheJiomemi. Seventh Edition, jcri cr! and nii|;incnted h\ T, Jti |•^.,ll•r .Jonk.s, E.G.S. 

i Complete in 2 \o!s. HI iili e^dknireii Geoh.^iic.il \|.ip df Ehylaiiil, pJates, uml iiimards 

» ot 200 beautiful xiood-euts. Vol. J. Post Mu» . eloth. 7.v. lU/. 

! EOHN’3 ILLOSTRATia UmkWL 


, Vnfurm u'tlh the Standaki^ Libkakv, at .j.t. per rotv.nc, 

1 t lo 8. LOOGE’S PORTR.AITS OF ILLUSTRIOUS PERSONAGES OF GREAT 
I BRITAIN. H Voh 8vo. '.tW Vortiaits. 

9. CR'JECSHANK'S THREE COURSES AND DESSERT, tnth Ulu^tynH'^ux. 

[ C. PICEciill's'G’S RACES OF N[fi^l^,tpithnumerov.^ Portraits i.arColoared'ts.Ci.'.j 

11. KITTO'S SCRIPTURE LANDS, AND BIBLICAL ATLAS, mlh 2t Maps, (r^ «- 
* Gjf.nunl.ls.bd.) « 

I 7» I 






BOHN’S ILLUSTRATED LIBRARY. 


T 2* WHITE’S NATURAL HISTORY OF SELBORNE, with Notes by Sir Wm. 
Jakdinr and others, edited, with large addiuons, by L. iIKSse, -Lsq. iriiA 4U 
highly-finisheii If'ood Jinyrupings {Culuured, ^s. GU.) 

13. DIDRON’S CHRISTIAN ICONOGRAPHY, irifh 150 mtpravinfjs. Vol. I. 

14. RE-OOING ON WINES. N«‘W and Revised Edition, tri/A 20 beauttfnl JI oodcuts. 

16 & 16. ALLEN'S BATTLES OF THE BRITISH NAVY. New Edition. Enlarged 

hv tlie Anihor. Artmenus five h)rlr(tits on Steel. 2 \ol6. • 

17 & 18. ROME IN THE NINETEENTH CENTURY. Eifih Edition, in 3 Vols.,’ 

vlLh \\\fiue Steel I^ir rfivivf/s, and Index. 

19. MAXWELLS . VICTORIES OF WELLINGTON AND THE BRITISH ARMIES, 

ivit/i Kiifiniriii/iX nu Stf'l. 

20. LIFE OF WELLINGTON, hv “ Ax Oui Soi.uiku,” roninilcd from the materials of 

Mft.swe!|; with an Areoiint'r.f the FniierJil. hifrhbt-Jinished xteel Kfi^ravhurt!- 

21. MARY AND WM. HOW.TTS STORIES OF ENGLISH AND FOREIGN LIFE, 

with 2<J heanliful ^teel Am/rurhif/s. 

22. BECHSTEIN'S CAGE and CHAMBER BIRDS, inelnding Swkct's IVarhlcrs. 

New I'iililion, gn‘:u!\ oilioged, nihnerot's Phitex {or Culoin-ed, 7s. itd.) 

23. NORWAY AND ITS SCENERY, eomviisinii I'liici.’s .hmrna], witli large Addi- 

tions and a Road li.cik. lidiled by Thus. I'oiu-.bii u, Eaq. Wilk 22 Ilhislrations, 
bmiUifaUg Aitgrorn! mt Stt/i bg Lucas. 

*,• ’i'iif R'm 1 ik H»1<1 ji(‘;)iivat«‘t,v, price 2*. 
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ADVERTISEMENT. 


It is uanecessaiy here to say anything on the merits of this 
work, already so well established as the most popular and 
instructive manual of science in the English language. 

The present edition has undergone very considerable re- 
vision, both in regard to the language and the subject, and is, 
for the first time, accompanied by “ Questions for Examina- 
tion which, while they give convenient analyses of the 
chapters, will be found of considerable advantage in exer- 
cising the intellect and memory of youth. 

This edition was prepared with great care and attention 
by the late Mr. Wm. Pinnock, a name well known in 
scholastic literature, and was left by him ready for the press: 
but circumstances having retarded its publication, it has been 
deemed advisable to have the whole re-examined, and com- 
pleted to the present time. This task has been entrusted to 
men eminent in science, and of acknowledged ability in its 
several departments ; and it is confidently believed that tlie 
work, in its improved form, presents the most useful and 
comprehensive manual of science that can be put into the 
han^ of youth. 


Since the above was written, the work has been twice 
carefully revised, and brought down to the existing state of 
knowledge, by Dr. J. W. Griffith. To the present edition 
has been added a Chapter on Recent Discoveries, comprising 
the Rotation of the Earth, as shown by the Pendulum ; the 
Screw Propeller; the Electric Telegraph; the Stereoscope 
and the Aneroid Barometer. 


Jwiiey 1855 . 
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PREFACE 


TO THE ORIGINAL EDITION. 


The Author of this volume feels himself extremely happy in 
tlie opportunity which this publication affords him of acknow - 
ledging the obligations he is under to the authors of “ Prac- 
tical Education,” for the pleasure and instruction which he 
has derived from that valuable work. To this he is indebted 
for the idea of writing on the subject of Natural Philosopliy 
for the use of children. How far his plan corresponds w’ith 
that suggested by Mr. Edgeworth, in his chapter on Me- 
chanics, must be left with a candid public to decide. 

The Author conceives, at least, he shall be justified in 
asserting, that no introduction to natural and experimental 
philosophy has been attempted in a method so familiar and 
easy as that which he now offers to tlie public — none which 
appears to him so properly adai)ted to the capacities of young 
people of ten or eleven years of age; a period of life which, 
from the Author’s own experience, he is confident is by no 
means too early to induce in children habits of scientific 
reasoning. In this opinion he is sanctioned by the authority 
of Mr. Edgeworth. “ Parents,” says he, “ are anxious that 
children should be conversant wdth mechanics, and with what 
are called the mechanical powers. Certainly no spccfies of 
knowledge is better suited to the taste and capacity of youth, 
and yet it seldom forms a part of early instruction. Every 
body talks of the lever, the wedge, and the pulley, but most 
people perceive, that the notions w^hich they have of their 
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respective uses are unsatisfactory and indistinct; and many 
endeavour, at a late period of life, to acquire a scientific and 
exact knowledge of the effects that are produced imple- 
ments which are in everybody’s hands, or that are absolutely 
necessary in the daily occupations of mankind.” 

The Author trusts that the whole work will be found 
a complete compendium of natural and experimental phi- 
losophy, not only adapted to the understandings of young 
people, but well calculated also to convey that kind of fami- 
liar instruction which is absolutely necessary, before a person 
can attend public lectures in these branches of science with 
advantage. “ If,” says Mr. Edgeworth, speaking on this 
subje*.ct, “ the lecturer does not xjomrnunicate much of that 
knowledge which he endeavours to explain, it is not to be 
attributed either to his want of skill or to the insufficiency of 
Ills apparatus, but to the novelty of the terms which he is 
obliged to use. Ignorance of the language in which any 
science is taught is an insuperable bar to its being suddenly 
acquired: besides a precise knowledge of the meaning of 
t(U‘ins, wc must have an instantaneous idea excited in our 
minds when(?ver they are repeated: and, as this can be ac- 
quired only by j)ractice, it is impossible that philosophical 
lecture^ can be of much service to those who are not fami- 
liarly acquainted with the technical language in which they 
ai’e delivered.” 

It is presumed that an attentive perusal of these Dialogues, 
in which the jirincipal and most common terms of science are 
(;ar(‘fully explained, and illustrated by a variety of familiar 
exaiu]>les, will be the means of obviating this objection with 
resi>e,et to persons who may be desirous of attending those 
public pbilosopbical lectures to which the inhabitants of the 
iuetr()j>olis have almost constant access 
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MECHANICS. 


FIRST CONVERSATION. 


INTRODUCTION. 


1 ATHER CHARLES EMMA. 

Charles, My dear Papa, you told sister Emma and myselfi 
the other day, that, after we liad finished reading the “ Even- 
ings at llome,'^ you would explain to us some of the princi- 
ples of “ Natural Philosophy will you he so kind as 
to begin this morning ? 

Father, Yes, my cliild; and I shall at all times take a delight 
in communicating to you the “ elements op useful know- 
ledge;” and the more so in proportion to the desire you 
exhibit of collecting such facts as may enable you to under- 
stand the operations of nature, as well as the works of inge- 
nious artists, and lead you, insensibly, to admire the Wisdom 
and Goodness of the great Creator, by which the w hole 
system of the universe is constructed and supported. 

Emma, But can philosophy be comprehended by children so 
young as we are? I thought that it was the study and pur- 
suit of men, — of old men too. 

Fa, Philosophy is a word which, in its original sense, 
merely signifies a love or desire of wisdom; and you will not 
allow that you and your brother are so young as to have no 
desire for wisdom or knowledge. 

Em, Far from it; I am convinced that the more knowledge 
I get, the better I like it; and the number of new ideas 
which, with a little of your assistance, I have gained from 

B 
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the “ Evenings at Homey ^ and the great pleasure which I 
have received from the perusal of those volumes, will lead me 
to read them again and again. 

Fa. If you have been so much delighted with the informa- 
tion you have acquired from “ The Evenings at HomCy' 
how much more so must you be with that infoimation, which 
explains the nature of every object around you, and accounts 
for the various changes to which they are perpetually subject 
by their a,ctions on each other. 

Eni, I shall, indeed: and does Kataral Philosophy give 
us this information? 

Fa. It does ; it explains the powers or principles of 
objects; their external appearances; and their elementary 
or component parts. It gives us the reason why a stone or 
otlier object thrown into the air returns again to the earth; 
how any object is put in motion, and why it subsequently 
stops: it accounts for the rising of smoke and vapour, and 
the descent of rain; the motions of the heavenly bodies and 
the changes of the seasons; and gives us also the causes of 
lightning and of thunder. It explains how we see ourselves 
in the looking-glass; and how objects are magnified, and 
brought nearer; and elucidates the force of fire and water, 
and the principles of animal and vegetable life. In fact, it is 
the Science of Naturcy and is known under the name of 
Physics in its more comprehensive sense; and you will find very 
little, in the introductory parts of it, that will require more 
of your attention than many parts of that work with which 
you have been so lately delighted. 

Ch. What a delightful ! what an admirable study! How 
I long to be a philosopher. 

Fa. But, my child, moderate your enthusiasm; tlie sub- 
ject is so vast, that it will be a work of considerable time 
before you can be a proficient in it; and, above all things, 
remember throughout your whole application to it, that all 
the wonderful operations observable in nature are directed 
by the hand of an Almighty Providence, and are not the 
effect of chance. Nothing is done, nor can be done without 
the will of God, “ in whom we live, and move, and have our 
being:” and let me add, if you pursue the study carefully and 
progressively, you will have but few difficulties to overcome. 

Ch. But in some books of Natural Philosophy, which 1 
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have occasionally looked into, a number of new and uncom- 
mon words have perplexed me. I have also seen references 
to figu res, by means of large and small letters ; the use of 
which 1 did not understand. 

Fa. It is frequently a dangerous practice for young minds 
to dip into subjects before they are prepared, by some pre- 
vious ';iiowledge, to enter upon them ; since it may create a 
distaste for the most interesting studies. Those books, for 
instaiKH', which you now read with so much pleasure, would 
not Jiave afforded you the least entertainment a few years 
ago, when you must have spelt out almost every word in 
eacli page. So likewise, the same sort of disgust would na- 
turally be felt by those who should attempt to read works of 
science before the principles and leading terms of the intro- 
ductory parts are well explained and understood. For this 
purpose it will be most important that you ascertain the 
derivation of every new and scientific word you meet with; 
and you will now discover that a knowledge of the Latin and 
Grreek languages will be found indispensable for acquiring any 
science with facility and pleasure. We will begin witli the 
word Philosophy itself. What did I tell you was its derivation? 

Ch. I think you said it was from two Greek words, phileo 
((jiiXtu)) “ I love,” and sophia (<To0ta) “ wisdom;” and means 
‘‘ a lover of wisdom.” 

Fa. That is quite nght. Now, remember, Physics comes 
from the Greek word physis (^vat^) “ nature;” and means 

tlic? Science of Nature.” 

Em. Will you explain to me what is meant by Expert- 
mental Philosophy ? 

Fa. Natural Philosophy is a science of observation and ex- 
periment^ for by these two modes we deduce the varied in- 
formation we have acquired about material bodies: by the 
former we notice any changes that occur in tke condition or 
relations of any body as they spontaneously arise without any 
interference on our part; whereas in the performance of an 
experiment, we purposely alter the natural arrangement of 
tilings to bring about some particular condition that we desire. 
To accomplish this we make use of various appliances, called 
philosophical apparatus^ the proper use and application of 
which it is the office of Experimental Philosophy to teach. 

And now we shall begin our lecture with the scieiiee- of 
B 2 
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MBchanicSf wliich elucidates the causes that produce or pre* 
vent motion in bodies; the term is derived from the Greek 
word mechane {ftifxdvii) “ a machine.” The word angle is 
continually recurring in subjects of this sort. Do you know 
what an angle is? 

JSm, I think not. Will you explain what it means? 

Fa. An angle is made by the opening of two 
straight^ lines which intersect or meet one another. 

In this figure there are two straight lines, ab and ^ 
€b, meeting at the point b; and the opening made 
by them is called an angle. 

Ch. Whether that opening be small or great, is it still 
called an angle? 

Fa. It is. Your drawing compasses will give you an 
excellent idea of an angle; the lines in the figure represent 
the legs of the compasses; and the point i the joint upon 
which they move or turn. Now you may open the legs to 
any distance you please, even so far that they shall form 
one straight fine: in that position only they do not form an 
angle; but in every other situation, an angle is made by the 
opening of these legs; and the angle is said to be greater or 
less, as that opening is greater or less. 

Em. Are not some angles called right angles ? 

Fa. Angles are either right, acute, or obtuse. Wlien a 
line a ^ meets another line, cd, in such a manner 
as to make the angles abd and abc equal to 
one another, then those angles are called right 
angles; and the line ab is said to be perpendi-“~ 
cular to the line cd. Hence, to be perpendi- ** 

cular to any thing, or to make right angles with, a line, or 
anything else, means one and the same thing. The corner of 
a room, or of a table, is generally a right angle. 

Ch. Does it signify how you repeat the letters of an angle? 

Fa. An angle is usually expressed by three letters; and 
that at the angular point must always be the middle letter of 
the three: but it may often be expressed by a single letter: 
the angle abc in the figure 1, may be called simply the 
angle b; for there is no danger of a mistake, because there 
is but one angle at the point b. 

Ch. I understand this: but if, in the second figure, I were 

• straight lines, in works of science, arc usually denominated right lines. 
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to express the angle by the letter 5 only, you would not know 
whether T meant the angle ahc or ahd* I a 

Fa, i hat is the precise reason why it is necessary, 
in various angles, to make use of three letters. An 
acute angle (fig. 1) is less than a right angle; 
and an obtuse angle (fig. 3) ahc^ is greater than a 
right ar 'j:le. 3. 

Em, Tou see now, Charles, the meaning of those letters 
placed against the figures, which so puzzled you before. 

Ch, I do: they are intended to distinguish the separate 
parts of each, in order to render the description of them 
easier both to the author and the reader: but, Papa, if one 
side of an angle is made longer than the other, is not the 
angle larger? 

Fa, No: an angle is not measured by the length of its 
sides, but, making the sides equal in length, by the width of 
the opening. 

Em, How is that opening measured, Papa? 

Fa, In this way; take your compasses, and with one leg 
on the angular point, describe a circle with the other that 
shall cut both sides of the angle; and you will thus see that 
an angle is a part of a circle: now, every circle is divided 
into 360 degrees, so that the wider the opening, the greater 
is the number of the degrees, and, therefore, the greater the 
angle. A rig^/it angle contains 90 degrees, and is, therefore, 
a quarter of a circle. 

Em. Then, Papa, I suppose an obtuse angle contains more 
than 90 degrees, and an acute angle less? 

Fa. Certainly; and now you will understand what I meant 
the other evening, when I told you that you should always 
snuff a candle at an angle oi forty -five degrees, for, by so 
doing, a portion of the wick will be left high enough to re- 
tain the fiame, and the danger of snuffing it out is avoided. 

Em, I see this clearly. Papa. Now what is the differenco 
between an angle and a triangle? 

Fa, An angle, my dear, is made by the opening of two 
straight lines, and two straight lines cannot of themselves en- 
close a space; but a triangle, a^ a be, does enclose 
a space, and is bounded by three straight lines. ^ \r 

It takes its name from the property of containing ^ ^ 
three angles; and is derived from two Latin words, 
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(res or tria^ ‘‘ three,’- and angulus^ “ a comer.” There are 
various kinds of triangles, taking their names either from the 
extent of their sides, or from the nature of their angles; but 
as it is not worth while to burthen your memories with more 
terms than are absolutely necessary, I will omit the explana- 
tion of them till we have occasion to employ them. But I 
must not forget to explain to you the two important words, 
Statics^ and Dynamics* Mechanics may be said to be divided 
into two great branches; that which relates to bodies in a state 
of rest is called Statics^ from the Latin stare^ “ to stand:” and 
that which relates to bodies in a state of motion is called 
Dynamics^ from the Grreek word dynamis (cvvayig) “ force or 
power.” The former explains how a roof may be supported; 
the latter how it happens to laii, and why it fell in one di- 
rection ratlier than another^ and likewise the time and the 
velocity of its falling. 

C7i. Pray, Papa, what is the name of the science that 
teaches us a knowledge of angles? 

Fa, Geometry; which, in the strict sense of the word, 
means simply the act of measuring the earth, as its derivation 
implies, being from the Greek ge {yrj) “the earth,” and 
metron (fiirpov) “ a measure;” but it is applied now to that 
science which treats of magnitude and extension, and is, in 
that sense, the Handmaid of Mechanics, Astronomy, Hydro- 
statics, Pneumatics, the theory of Light, &c. 

The study of Geometry has also another use, of much 
higher value to mankind; namely, that of teaching us to 
reason accurately on the most important subjects. It has a 
most powerful and salutary effect on the mind; it strengthens, 
corroborates, and directs tlie reasoning faculties; inuring the 
mind to patient labour, habituating it to strict method, and 
supplying it with ample means for contriving and adopting 
the most }>roper expedients for the prosecution of its inquiries, 
with a strict and perfect model of demonstration; Geometry, 
therefore, powerfullj'' recommends itself to the diligent at- 
tention of every candid and impartial lover of truth; and it 
is on this account that it is so extensively pursued in the 
University of Cambridge. 

But we may state that the study of Greometry presents, at 
its outset, many discouraging features; which, however, 
gradually disappear, A dense fog, to a person who had 
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never before seen one, would, at a distance, appear impene- 
trable : but, on advancing, it presents no obstacle, and, clearing 
away by degrees, is generally succeeded by a bright and 
glorious sunshine. Thus Geometry becomes easier as we pro- 
ceed, and imparts such pleasure, from the certainty of its de- 
monstrations, and the clearness of its conclusions, that the 
mind is insensibly led on from one truth to another, delighted 
with its own progress and discoveries. 

Ch, What is meant by a figure in Geometry? 

Fa, It is any part of space bounded by one or more lines, 
either straight or curved. When a figure has them both 
straight and curved, it is said to be a mixed figure, 

Ch, A circle, I suppose, is a curved line, carried on till it 
meets at both ends, and is drawn from a point within, called 
the centre, and the curved line is termed the circumference. 
But what is meant by a geometrical or mathematical point? 

Fa, A mathematical point has neither length, breadth, nor 
thickness. Hence it may be readily understood that a geo- 
metrical point cannot be seen, but is only imagined. Yet this 
idea has nothing to do with the reasoning part; all that be- 
comes necessary is, that the point or dot should not occupy 
any sensible part of the line, in order that the diagram might 
be distinct. Points are only subservient to the convenience of 
construction, 

Ch, When a straight line is drawn from one part of the 
circumference to another, through the centre, what is that 
line called? 

Fa, It is termed the diameter of the circle. A line drawn 
from the centre to the circumference is called the radius of 
the circle. Hence the I’adius is the semi-diameter, or half- 
diameter of a circle. A straight line drawn from one point 
of a curve to another is a chord. When the parts of a circle 
are divided by a chord, they are called segments. * When the 
chord is the diameter, the segments are equal, and are called 
semicircles. 

Ch, How is a circle divided. Papa? 

Fa, It is divided into 360 degrees, whatever be the size of 
the circle. That which the earth describes has no greater 
number of degrees than a small ring on the finger; the only 
difference being in their magnitude. 

Ch, But are not circles otherwise divided? 
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Fa. They are also divided into great and smaller circles. 
the great circles go round the centre of the earth. The me- 
ridians are great circles, and the equator also. The admeasure- 
ment of a degree in a great circle is 69xV English miles ; but the 
smaller circles vary according to their distance from the equator. 
A circle divided by two diameters into four equal parts, will 
comprise four right angles; each one measuring 90 degrees. 


QUESTIONS FOn EXA 3 flINATION. 


What is meant by the term phiIo80> 
phy ? — What is an angle ? — By what 
instrument can angles of different 
quantities be represented? — How 
many* kinds of angles are there? — 
What is a right angle ? — How do you 
define an angle? — What is an acute 
angle ? — How do you define an obtuse 
angle? — For what purpose are letters 
used in the description of mathemati- 
cal figures ? — Can you tell me how to 
distinguish between an angle and a 


triangle? — AVhat is geometry, and 
what its uses? — What is a figure in 
geometry? A circle? A radius? A 
semicircle ? A chord ? — What is the 
meaning of the word circumference? 
A mathematical point? Semidiame- 
ter ? — How are circles divided ? What 
is a great circle ? A lesser circle ? 
How measured ? — What are meridi- 
ans ? The equator ? — How many Eng- 
lish miles are there in a degree upon 
the equator? 


CONVERSATION II. 

OF MATTER. 

OF THE DIVISIBILITY OF MATTER. 

Father. Do you understand, my dears, what philosophers 
mean when they make use of the word Matter'^ 

Em. Are not all things which we see and feel composed of 
matter? 

Fa. Everything which is the object of our senses is com- 
posed of matter, differently modified or arranged: but, in a 
philosophical sense, it is defined to be an extended^ impene^ 
trahle, inactive^ and movable substance. 

Ch. If by extension is meant length, breadth, and thick- 
ness, matter, undoubtedly, is an extended substance. Its 
impenetrability also is manifest by the resistance it makes 
to the touch. 

Em. And the other properties nobody will deny; for all 
material objects are, of themselves, without motion, which 
I suppose is what is meant by inactive: and yet, it may be 
readily conceived that, by the application of a proper force 
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there is no body which cannot be moved, whence it may be 
said to be movable. But I remember, Papa, that you told 
us something strange about the divisibility of Matter, which 
you said might be continued without end. 

Fa, I did, some time ago, mention this as a curious and 
interesting subject; and this is a very fit time for me to ex- 
plain it. 

Ch, Can matter indeed be infinitely divided? For I sup- 
pose that this is what is meant by a division without end. 

Fa, Difficult as this may at first appear, yet it seems 
very.capable of proof. Can you imagine a particle of matter 
to be so small as not to have an upper and an under surface? 

Ch, Certainly not; every portion of matter, however mi- 
nute, must have two surfaces at least; and then I see that it 
follows of course that it is divisible; for the upper surface 
could be separated from the under one, and this again be 
repeated to infinity. 

Fa, Your conclusion is just; matter is by some con- 
sidered to be infinitely divisible, and many arguments besides 
yours have been advanced in support of that opinion; never- 
theless it is impossible to imagine that the molecules of which 
you conceive matter to consist, can be composed of anything else 
than certain definite but excessively minute indivisible atoms, 
and this is the opinion now adopted by most philosophers, 
although it is perhaps a question which is incapable of satis- 
factory solution. 

Em, But you were kind enough to say that you would 
mention to us some remarkable instances of the minute 
division of matter. 

Fa, A few years ago a lady spun a single pound of wool 
into a thread 168,000 yards long: and Mr. Boyle mentions 
that two grains and a half of silk were spun into a thread of 
300 yards in length. If a pound of silver, which contains 
5760 grains, and a single grain of gold, be melted together, 
the gold win be equally diffused throughout the whole mass 
of silver ; so that if one grain of the mass be dissolved in a 
liquid called aqua foriis, which is crude nitric acid, the gold 
will fall to the bottom. By this experiment it is evident 
that a grain may be divided in 5761 visible parts, for only 
the 5761st part of the gold is contained in a single grain of 
the mass. 
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Goli-beaters can spread a grain of gold into a leaf con- 
taining fifty square inches; and this leaf may be readily 
divided into 500,000 parts; each of which is visible to the 
naked eye. By the help of a microscope, which magnifies the 
area or surface of a body 100 times, the 100th part of each 
of these becomes visible ; that is, the fifty millionth part of 
a grain of gold will be visible, or a single grain of that metal 
may be divided into fifty million visible parts. But the gold 
which covers the silver wire, used in making what is called 
gold lace, is spread over a much larger surface; yet it pre- 
serves, even if examined by a microscope, a uniform appear- 
ance. It has been calculated that one grain of gold, under 
these circumstances, would cover a surface of nearly thirty 
square yards. 

In the gilding of buttons, five grains of gold which is ap- 
plied as an amalgam with mercury, is allowed to each gross, 
so that the coating deposited must amount to the 110,000th 
part of an inch in thickness. 

The natural divisions of matter are still more surprising. 
In odoriferous bodies, such as lavender-water, camphor, 
musk, asafoctida, and scents of various kinds, a wonderful 
subtlety of parts is perceived: for though they are perpetu- 
ally filling a considerable space with odoriferous particles, 
yet these bodies lose but a very small part of their weight or 
quantity in a great length of time. One grain of musk has 
been known to perfume a room for the space of twenty years. 
In the perfume emanating from a flower, how diminutive 
must be the particles that reach the olfactory nerves of the 
nose when we smell them, and which are themselves invisible 
and cause no sensible diminution to the bulk of the plant. 

The Lycoperdon, or pufl-ball, is a fungus growing in the 
form of a tubercle, which, being pressed, bursts, emitting a 
dust so fine and so light, that it floats through the air with 
the appearance of smoke. Examined under the microscope, 
this dust, which is the seed of the plant, appears under the 
form of globules of an orange colour, perfectly rounded, and 
in diameter about the fiftieth part of a hair; so that if this 
calculation be correct, and a globule were taken having the 
diameter of a hair, it would be one hundred and twenty -five 
thousand times as great as the seed of the lycoperdon. 

In Leslie’s “ Natural Philosophy” we read that millions of the 
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m&eoi Monas gelatinosa^ found among duck-weed, are sporting 
about in one drop of liquid: and that the Vibrio unduhi^ found 
on t]i0 same plant, is computed to be ten thousand million 
times smaller than a hemp seed. Now, if it be admitted 
that these little animals are possessed of organized parts, 
such as a heart, stomach, muscles, veins, arteries, &c., and 
that they are possessed of a complete system of circulating 
duids, similar to what is found in larger animals, we seem to 
approach to an idea of the infinite divisibility of matter. It 
has indeed been calculated that a particle of the blood of one 
of these animalcules is as much smaller than a globe one- 
tenth of an inch in diameter, as that globe is smaller than the 
whole earth. Nevertheless, if these particles be compared 
with the particles of light, it is probable that they would be 
found to exceed them in bulk as much as mountains exceed 
single grains of sand. 

There is a very familiar example in the sweetening of tea, 
a small lump of sugar extending its influence throughout the 
entire cup-full ; and in one drop how diminutive must be 
the portion of sugar. 

Again, a drop of port-wine put into a tumbler of water will 
tinge the whole mass, so that one drop of it can contain but 
a very minute portion of the wine. 

A single grain of copper dissolved in nitric acid, will give 
a blue tint to tlmee pints of water: by which the copper is 
attenuated at least one hundred million times. 

I might enumerate many other instances of the same kind; 
but these, I doubt not, will be suflicient to convince you into 
what very minute parts matter is capable of being divided ; 
and with these we will close our present conversation. 

Fa, Now, my dear Charles, let me be the questioner, after 
our several conversations relating to the same subject, in order 
to find if you have entered into the spirit of the information 
you have received, and made such deductions as may be 
useful to you. 

Ch^ Most willingly, Papa. 

Fa, You have learned, in this latter conversation, that 
matter is philosophically defined to be an extended^ imjyene- 
trahle, inactive^ and moveable substance. How do you under- 
stand these terms? 

Ch, Extension is that principle of matter by which it 
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occupies a part of space. Impenetrahility implies a pro- 
perty by whicli two bodies cannot exist in the same place 
at the same time. Inactive and moveable apply to a body 
which resists, in any degree, a force impelling it to a change 
of state, with regard to motion and rest; but which may be 
moved, if sufficient force be applied to it. 

Em, Of what shape arc the ultimate particles of the gene- 
rality of natural solids? 

Fa. It is the opinion of most philosophers I have read, 
that they are, for the most part, spherical; but many different 
ideas have been formed as to the nature of matter. What 
is your opinion, now, after our conversation on the subject? 

Ch, Matter is said to be infinitely divisible; and many are 
the arguments advanced in support of that hypothesis; yet, it 
can only be divisible as being composed of atoms; but an 
atom cannot be divided by any natural means. 

Em, Is there, then, any difference between matter and body? 

Fa, Yes: for although bodies are composed of matter, those 
terms ai^e not strictly synonymous. Bodies are capable of 
being divided; because the atoms of which they are composed 
may, by various means, be separated. The attenuation of 
gold on wire, of which mention has been made, is not perhaps, 
strictly speaking, a division of matter, but of body. 

Ch. Are bodies of themselves inactive^ or inert? 

Fa. They must be so until they are forced into action. It 
lias been well observed, in elucidation of this fact, that a 
tranquil pool of water is inert; but when made to fall on a 
mill-wheel, it becomes an immensely active power. 

You are becoming quite a jihilosopher, Charles; we will 
next explain the Attraction of Cohesion, 


QUESTIONS FOR EXAMINATION. 

Of what is everything which we see instances can you give of the minute dl- 
and feel composed ? — How is metier visions of matter in nature ? — How do 
defined ? — - How do you know it is ex- you compare the size of a particle of 
tended and impenetrable H — > Do you blood ?-— Are not the particles of fight 
recollect any remarkable instances of very small ? 
the minute division of matter ? — What ( 
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OF THE ATTRACTION OP COHESION. 

JF itker. Well, my dear children, have you reflected upon 
our last conversation? Do you comprehend the several in- 
stances which I enumerated as examples of the minute division 
of matter? 

Em. Indeed, Papa, the examples which you gave us very 
much excited my wonder and admiration; and, from the tliiu- 
ness of some leaf gold which I once had, I can readily credit 
all you have said on that part of the subject. But 1 cannot 
imagine such small animals as Mr. Leslie describes in his 
natural history: and I am still more at a loss to comprehend 
that animals so minute should possess all the properties of the 
larger one; such as a heart, veins, blood, &c. 

Fa. By the help of my solar microscope, I can sliow you, 
the next bright morning, very distinctly, the circulation of the 
blood in a flea: and, with better glasses than tliose which my 
microscope possesses, the same appearance might be seen in 
creatures still smaller than the flea; even in those which are 
themselves invisible to the naked eye. But we shall converse 
more at large on this subject when we come to consider 
Optics, and the construction and use of the Solar Microscope. 
At present we will turn our thoughts to that principle in 
nature which philosophers have agreed to call Gravity^ or 
Attraction; and without which properties solid bodies would 
all crumble to atoms, 

Ch, If theie be no more difficulties in philosophy than we 
met with in our last Lecture, I do not fear but that wc shall, 
in general, be able to understand it. Are there not. Papa 
several kinds of attraction? 

Fa. Yes, tlierc arc: two of which it will be sufficient for our 
present purpose to describe. One is the attraction of cohesion : 
the other, that of gravitation. The attraction of cohesion is 
that power which keeps the parts of bodies together w lioii 
they touch, and prevents them from separating, or wliicli in- 
clines the parts of bodies to unite, when they are placed suf- 
ficiently near to each other. Attraction is deriv ed Irom tw o 
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Latin words, ady to,” and traliOy “ I draw:” and cohesion 
from the Latin word, cohcereoy “ I hold together.” 

Ch, Is it, then, by the attraction of cohesion that the parts 
of this table, or of this marble-slab, are kept together? 

Fa, The instances which you have selected are accurate; 
but you might have said the same of every other solid sub- 
stance in the room; and it is in proportion to the different 
degrees of attraction with which different substances are 
affected, that some bodies are hard, others soft, others tough, 
thick, thin, &c. The three different forms which matter as- 
sumes — solid, liquid, and gaseous — are determined by the 
degree of cohesive force existing among the elementary par- 
ticles. In solids it is the great quantity of this force which 
causes solidity ; in liquids it is less powerful, and in gases or 
aeriform fluids, its force is so imperceptible as to assume 
rather a repulsive tlian an attractive tendency. The cohesive 
power of bodies cannot be accurately ascertained; but various 
experiments have been made to ascertain the different degrees 
of cohesion, belonging to the various kinds of wood, metals, 
and other substances. You will find much information oh 
this subject in Leslie’s Natural Philosophy; and in the ex- 
periments of Professor Barlow in his work on “ The strength 
of materials,” and in the experiments of Mr. George Rennie, 
and likewise in Young’s Lectures on Natural Philosophy. 

Ch, You once showed me that two leaden bullets having a 
little scraped from their surfaces, would in some way stick 
togetlier with great force. You called that, I think, tlie 
traction of cohesion? 

Fa, No, my dear; this is not exactly cohesion^ but adhe- 
sion; there is this difference, cohesion is that force of attrac- 
tion by which the particles of a body are kept attached to each 
other, and also by which they resist separation ; adhesioti 

is that attractive force existing bet^veen two different bodies 
brought into contact, as a drop of water on a piece of glass, 
or the two leaden bullets you are alluding to: those who 
have made this experiment with great attention and accuracy, 
do assert, that if the flat surfaces which are presented to one 
another be but a quarter of an inch in diameter, scraped very 
smooth, and forcibly pressed together with a twist, a Aveight 
of a hundred pounds is frequently required to separate them. 

As it is by the attraction of cohesion that the jiarts of 
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solid bodies are kept together, so when any substance is 
separated or broken, it is only the attraction of cohesion that 
is overrorae in that pai'ticular pai*t. 

Em, Then, Papa, when I had the misfortune, this morning 
at breakfast, to let my saucer fall from my hands to the 
ground, by which it was broken into several pieces, was it 
only t .ij attractimi of cohesion that was overcome by the 
parts of the saucer being separated by its fall? 

Fa, (Certainly: for, whether you unluckily break the china, 
or cut ii stick with your knife, or melt lead over the lire, as 
your brother sometimes does, in order to make plummets, 
these and a thousand other instances which are continually 
occurring, are but examples in which the cohesion is o\'er- 
come by the fall, the knife, or the lire. 

Em.. The broken saucer being highly valued by Mamma, 
slie lia-^ taken the pains to join it again with white lead. AVas 
this performed by means of the attraction of cohesion ? 

Fa, It was, my dear: atid hence you will easily learn that 
many operations in the arts and in cookery are, in fact, 
nothing more than different methods of eflecting this attrac- 
tion, Thus flour, by itself, has little or nothing of this prin- 
ciple; but when mixed with milk, or other liquids, to a 
proper consistency, the parts cohere strongly; and this cohe- 
sion, in many instances, becomes still stronger by means of 
the heat applied to it in boiling or baking. 

Ch. You put me in mind, Papa, of the fable of the man 
blowing hot and cold: for, in the instance of the Icady lire 
overcomes the attraction of coiiesion; and tlie same })Ower, 
heat, Avlien ap])lied to puddings, brciid, &c., causes tlieir parts 
to coliere more powerfully. How are^ve to understand this? 

Fa, 1 will endeavour to remove your dilliculty. Heat ex.- 
paiids all bodies without exception, as you shall see before we 
have iinished our lectures. Now, lire applied to metals, in 
order to melt them, causes such an expansion of their particles, 
that they are thrown out of eacli other’s attraction; whei'eas 
the heat communicated in the operations of cookery is sullicieiit 
to expand the particles of flour, but is not enough to overcome 
the attraction of cohesion. Besides, your Mamina will tell you 
that the heat of boiling would frequently disunite the parts of 
which her puddings are composed if she did not take the pre- 
caution of enclosing them in a cloth, leaving them just room 
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enough to expand without the liberty of breaking to pieces; 
and the moment they are taken from the water they lose their 
superabundant heat and become solid. 

Em, When the cook makes broth, it is the heat, therefore, 
that overcomes the attraction which the particles of meat have 
for each other; for I have seen her pour off the broth, and 
the meat is all in rags. But will not the heat overcome the 
attraction which the parts of the bones have for each other? 

Fa. The heat of boiling water will never effect this; but a 
machine was invented several years ago, by a Mr. Papin, for 
that purpose. It is called Papin’s Digester, and has been em- 
ployed in taverns, and in many large families, for the purpose 
of dissolving bones; and it effects it as completely as a less 
degree of heat will liquefy jelly. On some future day I will 
show you an engraving of this machine, and explain its dif- 
ferent parts, which are extremely simple.* 


QUESTIONS FOB EXAMINATION. 


What instrument is used to discern 
Tery small objects? — What are the 
kinds of grarity which are applicable 
to the science of MscHAifics? — How 
do you define the attraction ofcoJiesionf 
—What is the cause that some bodies 
are soft, others hard, &c. ? — How is the 
power of cohesion exhibited in the case 
of leaden bullets ? — What is the cau”'' 
of things being broken? — Give nue 


some instances in which the attraction 
of cohesion is overcome? — Is the prin- 
ciple of cohesion applicable to the oper- 
ations of cookery ? — Does heat in some 
instances weaken the power of tlie at- 
traction, and in other" make it act more 
powerfully ? — Can you explai i tl. s rea- 
i .1 of this r — Upon what pri..ciple is 
broth made? — How are boues dis- 
solved ? 


CONVERSATION IV. 

OF THE ATTRACTION ov OOT'ESION — continved. 

Father. I will now mention some other instances of this 
great law of nature. But, observe first, that no sensible 
attraction takes place in those bodies whose surfaces are 
rough and uneven, for though in actual contact, yet they 
touch each other only by a few points: if I lay a book on 
the table it will not adhere because of the roughness of the 


• See Conversation XIX. 
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binding, and therefore so few of the particles of its sur- 
face come in contact with the table; but surfaces perfectly 
flat and well polished, placed in contact, have their particles 
approach in sufficient number, and closely enough to pro- 
duce a sensible degree of cohesive attraction. If two polished 
plates of marble, or brass, or two pieces of glass, be put 
togeth* i, they will adhere so powerfully as to require a very 
considei-able force to separate them. Two globules of quick- 
silver placed very near to each other will run together and 
form one large drop. Drops of water will do the same. 
Two circular pieces of cork placed upon water, about an inch 
apart, will run together. Balance a piece of smooth board on 
the end of a scalebeam ; then let it lie flat on water; and five 
or six times its own weight will be required to separate it 
from the water. Dr. Brook Taylor adopted this method to 
estimate the force of adhesion. If a small globule of quick- 
silver be laid on clean paper, and a piece of glass be brought 
into contact with it, the quicksilver will adhere to it, and be 
drawn away from the paper; but bring a larger globule into 
contact with the smaller one, it will forsake the glass and 
unite with the other quicksilver. 

Ch. Did not you tell me, Papa, that it was by means of 
the attraction of adhesio7i that little tea left at the bottom 
o the c’'i> instantly ascends a lump of sugar when thrown 
into it? 

Fa. The ascent oV water or other liquids in sugar, sponge, 
and all porous bodies^ is a species of this attraction: but it is 
called cnjullary attraction. It is thus denominated from the 
property which tubes of a very small bore, scarcely larger than 
to admit a hair, posses, of causing water to stand above its 
level. The word capillary is from capillus, the. Latin word 
fo^ hrcii . 

.Vs this property visible in no other tubes than those 
who., bores are so exceedingly fine ? 

Fu, Yes; it is very apparent in tubes whose diameters are 
one-i jntli of an inch, or more; but the smaller the bore, the 
higher the fluid rises; for it ascends, in all instances, till the 
weight of the column of water in the tube balances, or is 
equal to the attraction of the tube. By immersing glass 
tubes of different bores in a vessel of coloured water, you will 
see that the water rises as much higher in the smaller tube, 

c 
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Aan ill the larger, as its bore is less than that of the larger. 
The water will rise a quarter of an inch in a tube whose 
Ixire is about one*'eighdi of an inch in diameter, and tliere 
remain suspended. 

This kind of attraction is well illustrated by 
taking two pieces of glass joined together at 
the side be^ and kept a little open at the 
opposite side n, small piece of cork, e. 

In this position immerse them in a dish of 
coloured watery fg, and you ^vill observe that 
the attraction oi the glass at, and near bcy will cause the 
fluid to ascend to b : whereas, about the parts rf, it scarcely 
rises above the level of the water in the vessel. 

Ch. I see that a curve is formed by the water. 

Fa» Even so ; and ^to this curve there are many curious 
properties belonging, as you will hereafter be able to investi- 
gate for yourself. A lump of sugar, sponge, bread, linen, 
blotting-paper, and all porous substances, may be considered 
as collections of capillary tubes ; for if one extremity be 
brought in contact with water, the fluid will pass completely 
through it and wet the whole substance. A mass of wetted 
thread, or a towel hanging over the edge of a basin from the 
water within it, will, by capillary action, completely empty 
it. The rise of the oil or spirit in the wick of a lamp, of the 
sap in trees, and the functions of the excretory vascular sys- 
tem in plants and animals, depends on capillary attraction. 

Em, Is it not upon the principle of the attraction of colie^ 
sion that carpenters glue their work together? 

Fa. It is; and upon the same principle braziers, tinmen, 
plumbers, &c., solder their metals; smiths also unite different 
bars of iron, by means of heat, and bricklayers and masons 
unite their materials by means of mortar and cement. These 
and a thousand other operations, v/hich we continually wit- 
ness, depend on the same principle as that which induced 
your Mamma to use the white lead in mending her saucer. 
But you must bear in mind that although white lead is fre- 
quently used as a cement for broken china, glass, and earthen- 
ware, yet, if the vessels are to be brought again into use it, 
is not a safe cement, because it is an active poison; besides, 
me much stranger has been discovered, I believe, by a very 
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able and ingenious philosopher, the late Dr. Ingenhouz; at 
east I had it from him several years ago: it consists simply 
of a mixture of quick-lime and white of egg, or newly-made 
cheese, rendered soft by warm water, and worked up to a 
proper consistency. 

Em, Is it possible, dear Papa, that such a great philosopher 
as I have heard you say Dr. Ingenhouz was, could attend to 
things so tidfling? 

Fa. Tie was a man deeply skilled in many branches of 
science; and I hope that you and your brother will one day 
make yourselves acquainted with many of his important dis- 
coveries. No real philosopher will consider it beneath his 
attention to add to the conveniencies of life. 

Ch, This attraction of cohesion seems to pervade the whole 
of nature. 

Fa. It does: but you will not forget that it acts only at 
very small distances. Some bodies, indeed, appear to possess 
a power the reverse of the attraction of cohesion. 

Em, What is that, Papa? 

Fa, It is called reptdsion. Thus, water repels most bodies 
till they are wet. A small needle, rubbed with oil, and care- 
fully placed on water, will swim: and flies may walk on 
water without wetting their feet. 

Or bathe unwet their oily forms, and dwell 
With feet repulsive on the dimpling well." 

The vapour we call dew, and rain also, in descending assume by 
attraction the form of drops: now the drops of dew, which 
early in the morning appear on plants, particularly on blades 
of grass and cabbage plants, where they assume a globular 
form from the mutual attraction existing in the particles of 
water, will be found, on examination, not to adhere to the 
leaves; for they will roll off in compact bodies; which could 
not be the case if there subsisted any degree of attraction 
between the water and the leaf. 

If a small thin piece of iron be laid upon quicksilver, the 
repulsion between the different metals will cause the surface 
of the quicksilver near the iron to be depressed. 

The repelling force of the particles of a fluid is but small; 
therefore, if a fluid be divided, it easily unites again; but if 

r 2 
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glass or any hard substance be broken, the parts cannot be 
made to adhere without being first moistened; because the re- 
pulsion is too great to admit of a re-union. 

The repelling force between water and oil is likewise so 
great, that it is impossible to mix them in such a manner as 
to prevent their separation. 

If a ball of light wood be dipped in oil, and then put into 
water, the water will recede so as to form a small channel 
round the ball. 

I may add here, that .there is no attraction of cohesion 
between the separate parts of pulverized bodies; grains of 
powder, sand, &c., have no sensible attraction, because they 
are not in sufficiently close contact. 

Cli, How is it, Papa, that cane, steel, and many other 
things, can be bent without breaking, and, when set at liberty 
again, recover their original form? 

Fa, The circumstance of apiece of steel, or cane, recovering 
its usual form after being bent, is owing to a certain power, 
called elasticity; which may, perhaps, arise from the particles 
of those bodies, though disturbed, not being drawn out of each 
other’s attraction: therefore, as soon as the force upon them 
ceases to act, they restore themselves to their former position. 
The term elastic is derived from the Greek elaste (cXaori;) “ a 
spring,” from elauno {iKavvw) I draw.” 

What have you now learned from the two latter conversa- 
tions? 

Ch. I find, first, that particles, possessed of large surfaces 
of contact, adhere most strongly together; and secondly, that 
those particles which touch each other in a few points, com- 
pose soft and fluid bodies, on account of the small force with 
which their parts adhere together. This is probably the cause 
of elasticity in some bodies; as it seems to depend on the co- 
hesive force which restores the particles to their first relative 
situation, when, by any external impulse, they have been re- 
moved to a very small distance from each other. 

Fa. What further observations have you to make? 

Ch. I think I understand that the particles of matter whose 
attraction is but very little more than their weight, constitute 
SL fluid; that those particles whose weight is greater than their 
attraction can produce only an incoherent mass, like a heap of 
sand; that those particles whose attraction is very much 
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greater than their weight form a compact and solid body; and 
that, if the attraction exceed the weight of the particles in 
only a moderate degree, they will compose a soft body. 

QUESTIONS FOR EXAMINATION. 

Mention some instances in which | parts of their work together? — Bo yon 
the attraction of cohesion acts. — recollect any other instances of the 
Upon what principle does water or action of the principle of cohesion?— 
other liquids ascend in sugar, sponge. How does the principle of cohesion act? 
&c.? — ^From whence does the term ca- Yfhat do you mean by repulnon?^ 
pillary attraction arise ? — Does capil- Mention some instances in which the 
lary attraction act in any tubes except power of repulsion appears to act?— 
those of exceedingly fine bores? — Why do cane, steel, and many other 
What experiments will show capillary things, after being bent, recover their 
attraction ? — Upon what principle do original form again? — How is elasticity 
caipenters and others glue the several accounted for? 


CONVERSATION V. 

OF THE ATTRACTION OF GRAVITATION. 

Father, We will now proceed to discuss another very im- 
portant and general principle in nature; namely, the attract 
of gravitation, or, as it is frequently termed, gravity; 
which is the power inclining distant bodies towards each other. 
Of this we have perpetual instances in the falling of bodies to 
the earth; and we may at the same time observe, that the 
same cause which occasions the fall of bodies produces also 
their w^eight; in other words, it is the attraction of gravita- 
tion which makes bodies heavy; the power which brings 
bodies that are unsupported to the ground, causes those which 
are supported to press upon the objects which prevent their 
fall with a weight equal to the force with which they gravitate 
towards the earth. This power^ which is inherent in the 
earth, is called the force of gravi^; the act of a body pressing 
downwards towards the earth, is called the gravitation of that 
body; and the exact amount of gravitation residing in any 
body is termed the weight of that body. 

Ch. Am I, then, to understand that, whether this marble 
lull from my hand, or a loose brick from the top of the house^ 
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or an apple from a tree, all these fall by the attraction of 
gravity f 

Fa, It is by the power commonly expressed under the term 
gravity that all bodies whatever have a tendency to the earth; 
and, unless supported, they will fall to the earth in lines 
nearly perpendicular to its surface: the term gravity is from 
the Latin word gravis^ “ heavy.” 

Em, But are not smoke, steam, and other light bodies, 
which we see ascend, exceptions to the general rule? 

Fa, It appears so, at first sight; and it was formerly re- 
ceived as a general opinion that smoke, steam, &c. possessed 
no weight. The discovery of the air-pump has, however, 
shown the fallacy of this notion; for in an exhausted receiver 
(that is, in a glass jar, from which the air has been withdrawn, 
by means of the air-pump) smoke and steam descend by their 
own weight as completely as a piece of lead. When we come 
to converse on the subjects of Pneumatics and Hydrostatics, 
you will understand that the reason why smoke and other 
bodies ascend is simply because they are lighter than the at- 
mosphere which surrounds them; and the moment they reach 
that part of it which has the same gravity as themselves, they 
cease to rise. Upon the same principle a cork, or a drop of 
oil, if forced to the bottom of a vessel of water, rises to the 
top as soon as it is set at liberty. 

Ch, Is it, then, by this power of gravity that all terrestrial 
bodies remain firm on the earth? 

Fa, By gravity^ bodies on all parts of the earth (which you 
know is nearly of a globular form) are kept on its surface; be- 
cause they all, wherever situated, tend to the centre; vrherefore, 
the inhabitants of New Zealand, although nearly opposite to our 
feet, stand as firmly on the earth as we do in Great Britain. 

Ch, This is difficult to comprehend: nevertheless, if bodies 
on all parts of the surface of the earth have a tendency to 
the centre, there seems no reason why bodies should not stand 
as firmly on one part as mi another. Does this power of 
gravity act alike on all bodies? 

Fa, It does, without any regard to their figure, or size; for 
attraction, or gravity, acts upon bodies in proportion to the 
guantity of matter which they contain; that is, four times a 
greater force of gravity is exerted upon a weight of four 
|>ounds, than upon one of a single pound. So, also, a body 
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consisting of 1000 particles of matter, requires ten times tlie 
force of attraction to bring it to the ground in the same space 
of time, that a body consisting of only 100 particles does. If 
you draw towards you two bodies, the one of 100, the other 
of 1000 lbs. weight, will you not be obliged to exert tea times 
as mi eh strength to draw the heavier one to you in the same 
time that would be required for the lighter one? The con* 
sequence of this principle is, that all bodies, at equal distances 
from the earth, fall with equal velocity. 

Em, What do you mean. Papa, by velocity ? 

Fa, I will explain it by an example or two. If you and 
Charles set out together, and you walk a mile in half an hour, 
but he, by w^alking and running, gets over two miles in the 
same time, how much swifter will he go than you? 

Em, Twice as swift. 

Fa. He does; because, in the same time, he passes over 
twice as much space; therefore we say his velocity is twice 
as great as yours. Suppose a ball, fired from a cannon, to 
pass tlirough 800 feet in a second of time, and in the same 
time your brother’s arrow passes through 100 feet only, how 
much swifter does the cannon ball fly than the arrow? 

Em, Eight times swifter. 

Fa. Then it has eight times the velocity of the arrow: and 
hence you understand that swiftness and velocity ai*e synony- 
mous terms, and that the velocity of a body is measured by 
the space it passes over in a given time, as a second, a minute, 
an hour, &c. 

Em. If I let a piece of metal, as a penny-piece, and a fea- 
ther fall from my hand at the same time, the penny would 
reach the ground much sooner than the feather. How do you 
account. Papa, for this, if all bodies are equally affected by 
gravitation, and descend with equal velocity, when at the 
same distance from the earth? 

Fa. Though the penny-piece and feather will not, in the 
open air, fall with equal velocity, yet, if the air be taken 
away, which is easily done by a little apparatus connected 
with the air-pump, they will descend in the same time: there^ 
fore, the true reason why light and heavy bodies do not fall 
with equal velocity is, that the former, in proportion to ite 
weight, meets with a much greater resistance from the air 
than the latter. 
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Ch. It is then from the same cause, I imagine, that, if 1 
drop a penny and a piece of wood into a vessel of water, the 
penny will reach the bottom, but the wood, after descending 
a little, rises to the surface. 

Fa. In this case, the resisting medium is water instead of 
air; and the copper penny, being about nine times heavier 
than its bulk of water, falls to the bottom without any appa^ 
rent resistance; while the wood, from being much lighter than 
water, swims on its surface; by its momentumy however, it 
sinks a little, yet, as soon as that is overcome by the resisting 
medium, it rises as before observed. The term momentum I 
will explain in our next conversation. 


QUESTIONS FOR EXAMINATION 


How is the attraction of cavitation 
defined ? — Give some familiar instances 
in which the law of gravity or gravita- 
tion acts. — In what direction do bo- 
dies fall towards the earth ? — Is this a 
gei^cnii law without any exceptions ? — 
IJy what power, and why do bodies re- 
main firm on the earth? — How is it 
that gravity acts alike on all bodies ? — 
b^ies at equal distances from tlie 
earth faU towards it with equal velo- 


city ? — Explain to me what is meant by 
velocity. — Are velocity and swiRness sy- 
nonymous terms ? — How is the velocity 
of a body measured? — If a penny- 
piece and a feather be let fall together, 
how is it that the penny reaches the 
ground flsst ? — Suppose the penny and 
a piece of wood be let fall in a vessel of 
water, Vhy does the copper go to the 
bottom, and the wood, after a short 
descent^ rise again to the surface ? 


CONVERSATION VI. 

OF THE ATTRACTION OF GRAVITATION. 

Emma. The term momev-tum^ which you made use of yes- 
terday, you promised to explain to us, to-day: what is it. Papa? 

Fa. If you have understood what I have said respecting 
the velocity of moving bodies, you will easily comprehend 
what is meant by the word momentum. 

The momentum^ or moving force of a body, is the quantity 
of matter multiplied by its quantity of motion; that is, its 
weight multiplied into its velocity. The quicker a body 
moves, the greater will be the force with which it will strike 
against another body. For instance, you may place very 
gently a pound-weight upon a china plate without any danger 
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of breaking it; but if 70 U let it fall from the height of only a 
few inches, it will daeh the china to pieces. In the first case, 
the plate has only the pound weight to sustain; in the other, 
it has to sustain the weight multiplied into the velocity, or, to 
speak in a more simple manner, the weight is to be multiplied 
into the distance from which it fell. 

If a ball a merely lean against an ob- ^ ^ 

Stacie 6, it will not be able to overturn it; ^ 
but if it be taken up to e, and suffered to ^ 

roll down the inclin^ plane cd against the ^^6* 
obstacle A, it will certainly overthrow it. In the former case, 
h would only have to resist the weight of the ball a; in the 
latter, it has to resist the weight multiplied into its motion, 
or velocity. 

C/^. The momentum, therefore, of a small body, whose ve- 
locity is very great, may be equal to that of a very large body 
with a slow motion, that is, whose velocity is small. 

Fa. It may: and hence you see the reason why the immense 
battering rams, used by the ancients in the art of war, have 
given place to cannon balls of but a few pounds weight. 

Ch. I do: for what is wanting in weight is made up by 
velocity. 

Fa. Can you tell me what velocity a cannon ball of 2S 
pounds must have to effect the same purpose as would be pro- 
duced by a battering ram of 15,000 pounds weight, and which 
by manual strength could be moved at the rate of only two 
feet in a second of time? 

Ch. I think I can. The momentum of the battering ram 
must be estimated by its weight, multiplied into the space 
passed over in a second, that is, the 15,000 must be multiplied 
by the two feet, which equals 30,000, which is the momentum: 
now, this must also be the momentum of the cannon ball, and 
if it be divided by the weight of the ball, it will give the ve- 
locity required; thus 30,000 divided by 28, will give a 
quotient of 1072 nearly, which is the velocity, or number of 
feet which the cannon ball must pass over in a second of time, 
in order that the momentum of the battering ram and the ball 
may be equal; or, in other words, that they may have the 
same effect in beating down an enemy’s wall. 

Em, I now fully comprehend what the momentum of a 
body is: for if I let a stone or ball accidentally full upon my 
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foot, it gives me more pain than the pressure only of a weight 
several times heavier, 

CA. If the attraction of gravitation be a power by wliich 
bodies in general tend towards each other, why do all bodies 
tend to the earth as a centre? 

jFa, I have already told you that by the great law of gra- 
vitation, the attraction of bodies is in proportion to the 
quantity of matter which they contain. The earth, therefore, 
being so immensely large, in comparison with all other sub- 
stances in its vicinity, destroys the effect of this attraction 
between smaller bodies by bringing them all to itself. If we 
let fall two balls, at a small distance apart, from a high tower, 
although they have an attraction for each other, yet we shall 
find that it will be as nothing when compared with the at- 
traction by which they are both impelled to the earth: con- 
sequently, the tendency which they mutually have of ap- 
proaching one another will not be perceived in the fall. If, 
however, any two bodies were placed in free space, and out 
of the sphere of the earth’s attraction, they would, in that case, 
assuredly fall towards each other, with a velocity proportioned 
to their nearness. If the bodies were equal, they would meet 
in the middle point between the two; but if they were un- 
equal, they would then meet nearer the larger one, in pro- 
portion to the quantity of matter which that contained. 

Ch, According to this law, then, the earth ought to move 
towards falling ladies as well as those bodies move towards 
the earth. 

Fa» Certainly it ought; and, in theory, it does so; but 
when you calculate how many million of times larger the 
earth is than anything belonging to it; and observe the com- 
paratively small distances from which bodies can possibly fall, 
you will then know that the point where the falling bodies 
and earth will meet is at a distance from its surface far too 
small to be conceived by the human imagination. You may 
possibly imagine, too, that, according to this theory, the hills 
would attract the houses and churches towards them. The 
hills no doubt exert this influence, but they cannot move the 
buildings, because they can neither overcome the attraction 'of 
cohesion between the bricks and mortar, nor that of gravity, 
which fixes the wall to the ground. There are, however, 
some instances in which the attraction of a large body has 
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Bensibly counteracted that of the earth. If a man, standing 
on the declivity of an abrupt mountain, hold a plum-line in 
his hand; the weight will not fall perpendicularly to the earth, 
but incline a little towards the mountain; and tWs is owing to 
the lateral or side attraction of the mountain interfering with 
the perpendicular attraction of the earth. 

Wo will resume the subject of Gravity to-morrow. 

QUESTIONS FOR EXAMINATION. 


What Is the meaning of the term | 
momentum t — Can you show by any 
familiar instance that it docs not 
mean weight? — Turn to figure 6, 
and explain the difference between 
momentum and weight. — Which of 
two equal balls will have the greater 
momentum, the one that falls down an 
inclined plane, or the other that falls 
perpendicularly? — How can the mo- 
mentum of a small body be made equal 
to that of a large one which has only a 
given velocity ? — Why have cannon- 
balls superseded the use of battering- 
rams in the art of war — Why does 
a ball or other body falling upon the 
foot occasion more pain, than the mere 
pressure of a much heavier body? — 
From how high in the air must I let 
fall a body in order that it may come to 
the ground with eight times the force , 
which it would have had, if laid gently ^ 
down ?-r- What is the rule by which 1 


this is estimated ? — If two equal balls 
descend, one from the height of twelve 
inches, and the other from tliat of 
twenty-four inches, will the momentum 
of the one be double of that of the 
other? — Why do all bodies tend to 
the centre of the earth ? — Why do not 
falling bodies which happen to be near 
each other approach still nearer by 
means of the attractiem of gravitation ? 
— If two bodies, very remote from each 
other, fall towards the earth, will they 
descend in parallel lines ? — What 
would be the consequence if two bodies 
were placed in free space, and out of 
the sphere of the earth’s attraction ? — 
Wliere would they meet if the bodies 
were equal ?— Does the earth move to- 
wards falling bodies ? — If two bodies 
of unequal weights were falling to- 
wards each other, which of them would 
have the greater velocity ? 


CONVERSATION VII. 

THE ATTRACTION OF GRAVITATION Continued, 

Emma, Has the Attraction of Gravitation, Papa, the same 
effect on all bodies, whatever be their distance from the 
earth? 

Fa, No: this, like every power which proceeds from a 
centre, decreases as the squares of the distances from that 
centre increase. 

« Here the pupil may be r^erred to the examples in p. 
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JSm. I fear that 1 shall not understand this, Papa, unless 
you illustrate it bj examples. 

jPa. Well, then: suppose of an evening you are reading at 
the distance of one foot from a candle, and that you receive 
a certain quantity of light on your book; now, if you remove 
to the distance of two feet from the candle, you will, by this 
law, receive four times less light than you had before. Here 
then, although you have increased your distance but two-fold, 
yet the light is diminished four-fold, because four is the square 
of two, or two multiplied by itself. If, instead of removing 
two feet from the candle, you take your station at the distance 
of 3, 4, 5, or 6 feet, you will then receive at the different dis- 
tances, 9, 16, 25, or 36 times less light than when you were 
within one foot from the candle; for these, as you know, are 
the squares of the numbers 3, 4, 5, and 6. The same is ap- 
plicable to the heat imparted by a fire; at the distance of one 
yard from which, a person will enjoy four times as much heat 
as he who is situated two yards from it; and nine times as 
much as one removed to the distance of three yards. 

Ch. Is, then, the attraction of gravity four times less at a 
yard distance from the earth than it is at the surface? 

J^a, No; whatever be the cause of attraction, which to this 
day remains undiscovered, it acts from the centre of the earth, 
and not from its surface; and hence the difference of the 
power of gravity cannot be discerned at the small distances to 
which we can have access; for a mile, or two, which is much 
higher than, in general, we have opportunities of making ex- 
periments, is nothing in comparison of 4000 miles, the dis- 
tance of the centre from the surface of the earth. But could 
we ascend 4000 miles above the earth, and, of course, be 
double the distance that we are now from the centre, we 
should there find that the attractive force would be but one- 
fourth of what it is here; or, in other words, that a body 
which, at the surface of the earth, weighs one pound, and, by 
the force of gravity, falls through sixteen feet in a second of 
time, would, at 4000 miles above the earth's surface, weigh 
but a quarter of a pound, and fall only four feet in a second. 

Suppose it were required to find the weight of a leaden ball, 
at the top of a mountain three miles high, which on the sur- 
face of the earth weighs 20 lbs. 

If the semi-diameter of the earth be taken at 4000, then 
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add to this the height of the mountain, and say, as the square 
of 4003 is to the square of 4000, so is 201b. to a fourth pro- 
portion^; or as 16024009: 16000000 : :20: 19*97 or something 
more than 191b. 15^oz. which is the weight of the leaden ball 
at the top of the mountain. 

Em. How is that known. Papa? No person was ever so 
far from the earth’s surface. 

Fa. True, my dear; for the most enterprising of our 
aeronauts, or balloon adventurers, have ascended but a little 
way in comparison of the distance that we are speaking of. 
However, I will try to explain the method by which philoso- 
phers have come at their knowledge on this subject. 

The moon is a heavy body connected with the earth by 
this law of attraction; and, by the most accurate observations, 
it is known to be obedient to the same laws as other heavy 
bodies are: its distance is also clearly ascertained to be about 
240,000 miles, which is sixty semi-diameters of the earth; 
and of course the earth’s attraction upon the moon ought to 
diminish in the proportion of the square of this distance; that 
is, it ought to be 60 times 60, or 3600 times less at the moon 
than it is at the surface of the earth. This is found to be the 
case. 

Again, the earth is not a perfect sphere, but a spheroid; 
that is, of the shape of an orange, rather flat at the two ends 
called the poles; and the distance from the centre to the poles 
is about eighteen or nineteen miles less than the distance 
from the centre to the equator: consequently, bodies ought to 
be somewhat heavier at and near the poles than they are at 
the equator; which is also found to be the case. Hence it is 
inferred that the Attraction of Gravitation varies at all dis- 
tances from the centre of the earth in proportion as the 
squares of those distances increase. 

Ch. It seems very surprising that philosophers, who have 
discovered so many things, have not been able to find out the 
cause of gravity. Could not Sir Isaac Newton, had he been 
asked why a marble, dropped from the hand, falls to the 
ground, have assigned the reason for it? 

Fa. That great man, probably the greatest man that ever 
adorned this world, was as modest as he was great; and he 
would have told you he knew not the cause. 

The late excellent and learned Dr. Price, in a work which 
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he published many years ago, asks, Who does not remembei* 
a time when he would have wondered at the question Whi/ 
does water run down hill? What ignorant man is there who 
is not persuaded that he really understands this perfectly? 
But every improved man knows it to be a question he cannot 
answer.” The descent of water, my dear children, like that 
of other heavy bodies, depends upon the attraction of gravi- 
tation; the cause of which is still involved in darkness. 

Em. You just now said that heavy bodies, by the force of 
gravity, fall sixteen feet in a second of time. Is that always 
the case? 

Fa. Yes; all bodies near the surface of the earth fall at 
that rate in the first second of time; but, as the attraction of 
gravitation is continually acting, so the velocity of falling bodies 
is an increasing, or, as it is usually called, an accelerating 
velocity. It is found, by very accurate experiments, that a 
body descending from a considerable height by the force of 
gravity falls 16 feet in the first second of time; 3 times 16 
feet in the next; 5 times 16 feet in the third; 7 times 16 feet 
in the fourth; and so on, continually increasing according to 
the odd numbers, 1, 3, 5, 7, 9, 11, &c. Though, perhaps, I 
ought to be more particular in stating that in our latitude the 
exact distance an object passes in the first second is 16 tV feet. 


QUESTIONS FOR EXAMINATION. 


By what law does the attraction of 
gravitation act ? — Can you illustrate it 
by examples? — How much less light 
shall I receive from a candle at the 
distance of six feet, than I should if I 
were only two feet from it? — How 
much more warmth shall I feel at the 
distance of three feet from a tire, than 
you will being placed at eight feet from 
it ? — Does the force of gravity act from 
the surface or the centre of the earth? 
— Can the difference of the power of 
gravity be discerned at the small di8> 
tanccs to w hich we can have access ?— 
What would a piece of lead weigh at 
4000 miles above the surface of the 
earth that w'eighs a hundred weight on 
the surface? — Through what space 
does a he&vy body fall on the surface ^ 


! of the earth in a second of time; and 
how far would it fall, in the same time, 
I at the distance of 4000 miles above the 
surface of the earth? — At what dis- 
tance is the moon from us, in miles and 
in semi-diameters of the earth ? — How 
much less does the attraction of the 
earth act at the distance of the moon, 
than it would at 4000 miles from the 
surlace of the earth ? — What is the 
shape of the earth ? — Would any body 
(as a block of stone, or a lump of lead) 
weigh heavier at the poles or the equa- 
tor of the earth? — Upon what does 
the descent of water domi a hill de- 
pend? — Is the velocity of falling bo- 
dies continually the same: if not. by 
what proportion docs it increase ? 
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CONVERSATION VIIL 

THE ATTBACTION OF 6BAYITAT10N— 

Emma, Resuming our conversation on gravity^ would a ball 
of twenty pounds weight, Papa, at this place, weigh half an 
ounce less at the top of a moun^n? 

Fa, Certainly; but you would not be able to ascertain it by 
means of scales and weights, because both the weight and the 
thing to be weighed being in similar situations would lose 
equ^ portions of their gravity. 

Em, How, then, would you make the experiment? 

Fa, By means of one of those steel spiral-spring instru- 
ments which you have seen occasionally used, the fact might 
be ascertained. 

Ch, I think, from what you told us yesterday, that with 
the assistance of your stop-watch I could tell the height of 
any place by observing the number of seconds that a marble 
or any other heavy body would take in falling from that 
height. 

Fa, How would you perform the calculation? 

Ch, I should go through the multiplications you gave us at 
the close of our last conversation, according to the number of 
seconds, and then add them together. 

Fa, Explain yourself more particularly by answering me 
this problem. Suppose you were to let a marble or a penny- 
piece fall down a deep dry well, and that it was exactly five 
seconds in effecting the descent; what would be the depth of 
the well? 

Ch, In the first second it would fall 16 feet; in the next 3 
times 16 or 48 feet; in the third 5 times 16 or 80 feet; in the 
fourth 7 times 16 or 112 feet; and in the fifth second 9 times 
16 or 144 feet: now, if I add 16, 48, 80, 112, and 144 
together, the sum will be 400 feet, which, according to your 
rule, must be the depth of the well. 

Fa, Though your calculation is accurate, yet it was not 
done as nature effects her operations; for it was not per- 
formed in the shortest wa^”. 
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Ch, I should be pleased to know an easier method: that 
which I adopted is, however, very simple; because it required 
nothing but multiplication and addition. 

Fa, True: but suppose I had given you an example in 
which the number of seconds had been lifty instead of five, 
the \York would have taken you an hour, or perhaps more, to 
■ have performed it; whereas, by the rule which I am going to 
give you, it might have been done in half a minute. 

Ch. Pray let me have it, Papa. I hope it will be easy to 
remember. 

Fa. It will: nor do I think it can be forgotten after it is 
once understood. The rule is this: “ the spaces described by 
a body falling freely from a state of resty increase as the 
SQUARES of the times increase consequently you have only 
to square the number of seconds; that is, to multiply the 
number into itself, and then multiply that again by sixteen 
feet, the space which it describes in the first second; and you 
have the answer required. Now try the example of the well. 

Ch. The square of 5, for the time, is 25, which multiplied 
by 1 6 gives 400, just as I brought it out before. Now, if the 
seconds had been 50, the answer would have been 50 times 
50, or 2500, multiplied by 16, which would give 40,000 for 
the space required. 

Fa. 1 will now ask your sister a question, to try how she 
lias understood the subject. Suppose you observe by this 
watch that the time of the flight of your brother’s arrow is 
exactly six seconds: to wliat height does it rise? 

Em. This is a different question; because here the ascent 
as 'well as fall of the arrow is to be considered. 

Fa. But you will remember, that the time of the ascent is 
always equal to that of the descent; for, as the velocity of the 
descent is generated by the force of gravity, so is the velocity 
of the ascent destroyed by the same force. 

Em. Then the arrow was three seconds only in falling: 
now the square of 3 is 9, and this multiplied by 16, for the 
number of feet described in the first second, makes 144 feet, 
which is the height to which the arrow rose. 

Fa. Very right, my dear girl. Now, Charles, if I get you 
a bow which will carry an arrow so high as to be fourteen 
seconds in its flight, can you tell me the height to which it 
will ascend? 
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Ch, I think I can now answer you without hesitation: — it 
will be 7 seconds in falling, the square of which is 49, and 
this multiplied by 16 will give 784 feet, or rather more than 
261 yards, for the ascent required. 

Fa, If you will now examine the example which you 
worked by the longer method of calculation, you will see that 
this rule which I have given you answers every stage of it 
very completely. In the first second the body fell 16 feet, 
and in the next 48; these added together make 64, which is 
the square of the 2 seconds multiplied by 16. The same holds 
true of the 3 first seconds; for in the third second it fell 80 
feet, which added to the 64, give, 144, equal to the square of 
3 multiplied by 16. Again, in the fourth second it fell 112 
feet, which added to 144, give 256, equal to the square of 4 
multiplied by 16: and in the fifth second it 1‘ell 144 feet, 
which added to 256, give 400, which is equal to the square 
of 5 multiplied by 1 6. Thus you will find the rule holds good 
in all cases ; viz. “ that the spaces described hy bodies falling 
freely from a state of rest increase as the squares of the 
times increase'* 

Ch, I think I shall not be likely to forget this excellent 
rule. I can now show my cousin Henry how he may know 
the height to which his bow will carry. 

Fa, Do, by all means; for the surest way of retaining the 
knowledge we acquire, is by communicating it to our friends 
and others. 

Ch, It is indeed a very pleasant idea, that giving away is 
the best method of keeping; for, I am sure, the being able to 
oblige one’s friends is a most agreeable feeling. 

Fa, I am delighted, my dear Charles, with your generous 
expressions, and it increases the pleasure I enjoy in your 
mental improvement, to see such sentiments develop them- 
selves. r have but a word or two more on the subject. Since 
the whole spaces described increase as the squares of the times 
increase, so also the velocities of falling bodies increase in the 
same proportion; for you know that the velocity must be 
measured by the space passed through. Thus, if a person 
travel six miles an hour, and another person' travel tweh e 
miles in the same time, the latter will go with double the ve- 
locity of the former; consequently the velocities of falling 
bodies increase as the squares of the times increase. 
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If, now, yon compare the spaces described by falling bodies 
in the moments of tme taken separatelyy and in their 

order from the beginning of the faB, then they, and conse- 
quently their velocities also, are to one another as the odd 
numbers, 1, 3, 5, 7, 9, 11, 13, kc. taken in their natural 
order, as you will observe by redecting on the foregoing ex- 
amples. 

Before we conclude, let me now ask you, Chaiies, what is 
said to be the cause of the attraction of gravitation, which has 
occupied our attention in the latter conversations? 

Ch, That is a question, dear father, which has puzzled the 
philosophers of all countries. Many have, I learn, attempted 
to explain itj but have found themselves bewildered in their 
own ideas. 

Fa, What particulars have you gathered then, generally, 
on the subject of the attraction of gravitation? 

Ck, It appears to me certain, from the phenomena of 
nature, that, as all heavjr bodies near the earth tend to its 
centre with a force proportionate to the quantity of matter 
they contain; so the moon also tends to the centre of the earth; 
and the waters of the sea tend to the centre of the moon; and, 
in short, both e^h and moon, and all the planets and comets 
tend towards the sun and towards each other. 

Fa. With this we will conclude our present conversation. 


VOE EXAMINATIOIir. 


How much less would a ball of 20n). 
weigh on the top of aaooiintain 8 miles 
high than it does on this spot? — Bv 
what means could that be ascertained? 
— How could yowflnd the hei^t of any 
place? — If a penuj^pieoe is fhur se- 
omds in. falling to the bottom of a 
well, how deep is that well? — How 
long would a sfeone he ftffing to the 
bottom of the weU at Borer Castle, 
which is 860 ftet deep? — By what law 
do bodies fall fhim a state of rest? — 


scent ? — How high doeaan arrow rise, 
the light of which is perpendicular, 
and which takes 10 seconds before it 
comes again to the ground? — If the 
flight et an arrow in a perpendicular 
di^tkmtake 16 seconds before it comes 
to the ground, how high does U go ? — 
Does the rule, with regard to foiling 
bodies, hold good in all cases? — By 
what law do you calcnlate the velocities 
of falling bodies? — How is the velo- 
city of a body measured? — If the 


If a body takes II seoenis in fidliiig several soconds of time be taken sepa- 
ftm a oertein place* haw high is that rately, how ace the spaces of falUng 
place? — Does the ascent of bodies fol- , bodies estimated ? 

1^ a similar law to that of the de- I 





CONVERSATION IX. 

ONi THE CSETBE OF GRAVITY. 

Fatiier. We are now about to speak of theCejUre of Ch^avity^ 
wliich is that point of a body where its whole weight is con- 
centrated, and upon which, if the body be freely suspended, 
it will i*est; but it will endeavour, in all other positions, to 
descend to the lowest place it can arrive at. 

Ch. All bodies, then, of whatever shape, have a centre of 
gravity, and if that point is supported, the body will not fall? 

Fa. You are perfectly correct, Charles; and if you imagine 
a line drawn from the centre of gravity of a body towards the 
centre of the earth, that -line is called the Une of direction, 
along which every body, not supported, endeavours to fall. If 
the line of direction iall within the base of any body, it will 
stand; but if it does not come within the base, the body will 
fall. 

If 1 place the piece of wood, a, on the edge of a 
table, and from a pin at c, its centre of gravity, hang 
a little weight, d, the line of direction, cd, will fall 
within the base, and therefore, though the wood leans, 
yet it will stand secure. But if upon a, another piece 
of wood, b, be placed, it is evident that the centre of Fig. 7. 
gravity of the whole will be now raised to c, at which point, 
if a weight be hung, it will be found that the line of direction 
will fall out of the base^ and therefoi^ the body must certainly 
fall. 

Fm. 1 think I now see the reason of the advice which you 
gave me when we were going up the river in a boat. 

Fa. I told you that, if ever you were overtaken hy a storm, 
or by a squall of wind, while you were on the water, never to 
let your fears so get the better of you as to make you rise 
from your seat; because, by so doing, you would elevate the 
centre of gravity, and consequently, as is evident by the last 
experiment, increase the danger: whereas, if all the persons 
in the vess^ were, at the moment of danger, instantly to slip 
from their places on to the bottom of the boat, the risk would 
be exceedingly diminished, because the centre of gravity would 

n 2 
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thus be brought lower within the vessel. The same principle 
is applicable to those who may be in danger of being overturned 
in land carriages, of whatever construction they may be. 

Em, Surely, then, Papa, those stage coaches which have 
on their roofs immense quantities of luggage, with a dozen or 
more people besides, cannot be safe for the passengers ? 

Fa, No, my dear, they are very unsafe; and they would be 
more so were not the roads in the neighbourhood of London 
and other large towns remarkably even and good. 

C/i, I understand, then, that the nearer the centre of gra- 
vity is to t\ie base of a body, the firmer it will stand. 

Fa, Certainly: and hence you learn the reason why conical 
bodies stand so sure on their bases; for their tops being small 
in comparison with the lower parts, the centre of gravity is 
thrown very low; and if the cone be upright or perpendicular, 
the line of direction falls in the middle of the base, which is 
another fundamental property of steadiness in bodies: for the 
broader the base, and the nearer the line of direction is to the 
middle of it, the more firmly does a body stand: but if the line 
of direction fall near the edge, the body is easily overthrown. 

CA. Is that the reason why a ball is so easily rolled along 
a horizontal plane? 

Fa, It is; for, in all spherical bodies, the base is but a 
point; consequently the smallest force is sufficient to remove 
the line of direction out of that base. Hence it is evident 


that heavy bodies situated on an inclined 
plane will, while the line of direction falls 
within the base, slide down the plane; but y 
they will roll when that line falls without r 
the base. The body a, will slide down the % 
plane, de; but the bodies b and c will roll 
down it. 




Em, I have seen buildings lean very much out of a straight 
line. Why do they not fall. Papa? 

Fa. It does pot follow, because a building leans, that the 
centre of gravity does not fall within the boundary of its base. 
There is a high tower at Pisa, a city in Italy, which leans 
fifteen feet out of the perpcnfficular. Strangers shudder as 
they pass by it; yet, it is found by experiment that the line 
of direction falls within the base, and therefore it wiH stand 


while its materials hold together. 
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A wall at Bridgenorth in Shropshire, which I 
have seen, stands in a similar situation; for so long 
as a line, ch^ let fall from the centre of gravity, c, 
of the building, ab, passes within the base, cb, it 
will remain firm, unless the materials with which it 
is built go to decay. 

CA. It must be of great use, in many cases, to 
know the method of finding the centre of gravity in different 
kinds of bodies. 



Fa, There are many easy rules for this with respect to all 
manageable bodies^ I will mention one, which depends on 
the property which the centre of gravity ever has, of en- 
deavouring to descend to the lowest point. 

If a body, a, be freely suspended on a pin, A, ^ 
and a plumb line, be, be hung by the same pin, ^.rr — i 
it will pass through the centre of gravity; for / 1\ 

that centre is not in the lowest point till it falls ^ V* 
in the same line as the plumb line. Mark the Fig. lo. 
line, Ac; then hang the body up by any other point, as d, with 
the plumb line, ef, which will also pass through the centre of 
gravity, for the same reason as before: and therefore, as tlie 
centre of gravity is somewhere in Ac, and also in some point 
of e f, it must be in the point, e, where those lines cross. 


QUESTIONS FOR EXAMINATION. 


What do you mean by the centre of 
grtmtyf — Have all bodies a centre of 
gravity? — What is meant by the 
of direction f — What should be the line 
of direction of a body to make it stand? 

— Look to ftg. 7, and explain the sub- 
ject. — Why is it dangerous to rise up 
in a boat if the water should be rough? 

— In a case of danger on the water 
what is the safest course to take? — Is 
the same principle applicable to car- 
riages by land ? — Is there any danger 
attaching to stage coaches that arc 


much loaded on the top ; and why is it 
less than might be expected? — Why 
do not conical bodies stand firm if 
placed on the point? — What gives sta- 
bility to bodies? — What is the reason 
that spherical bodies so easily roll along 
a horizontal plane? look to fig. 8, and 
explain the object of it? — Why is it 
that high buildings, which lean very 
much, do not fall ? — Explain tliis by 
means of the figure. — Show me, by 
means of fig. 10, hwv to find the centre 
of gravity of a body. 
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OF THE CENTRE OF GRAVITY — continued, 

Charles, How do those people who have to load carts and 
wagons with light goods, such as hay, wool, &c., know where 
to find the centre of gravity? 

Fd, Perhaps the generality of them never heard of such a 
principle: and it seems surprising that, without a knowledge 
of it, they should, nevertheless, make up their loads with such 
accuracy as to keep the line of direction in or near the middle 
of the base. 

Em. I have sometimes trembled to pass by the hop-wagons 
in Kent; and the loads of hay and corn in harvest time. 

Fa. And that you might, without incurring any impeach- 
ment of your courage, for they are loaded to such an enormous 
height, that they totter as they go; and it would indeed be 
impossible for one of them to pass with tolerable security 
along a road much inclined; for their centre of gravity is 
removed so high above the body of the carriage, that a little 
declination on one side or the other would throw the line of 
direction out of the boundary of the base, beyond the support 
of the wheels on that side. 

Em. When a child falls down, is it because he cannot keep 
the centre of gravity between his feet? 

Fa. It is; but whether the person falling be old or young, 
it is from the same cause: instances innumerable occur in 
skating and sliding during the winter season, and if you your- 
self lean on one side, you will perceive the truth. Hence you 
learn that a man stands much firmer if his feet be a little 
apart than if they were close together; for by separating them 
he increases the base. Hence dso the difficulty of sustaining 
or balancing on your fing^ a long body, such as a walking- 
cane, upon a small base. 

Ch. How is it that porters are enabled to carry such hea\y 
loads as they do? 

Fa. I should tell you that the human body is supported on 
a base, whose boundaries are the outside edges of the feet, and 
an imaginary straight line drawn from toe to toe in front, and 
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from hed to lied behind; and to prevent frdiing, however a 
man may be laden, he must keep his centre of gravity above 
some point in this narrow base: hence we see, a portion of 
the b^y is extended on one side, there most be a counter ex- 
tension on the other, A porter with a heavy load on bis 
back leans forward; a servant with a load^ tray, as at 
dinner time, leans backward; and so, stout persons throw 
back the head, and a nursery -maid, when carrying a child, 
inclines her body in the <^posite direction, that the centre of 
gravity may be within the boundary of the feet. 

Em, How do rope-dancers manage to balance themselves? 

Fa. They generally hold a long pole, with weights at each 
end, across the rope on which they dance, keeping their eyes 
fixed on some object in a right line with the rope; by which 
means they know when their centre of gravity declines to one 
side of the rope or to the other; and thus, by the help of the 
pole, they throw the weight towards the side which is deficient, 
and are thus enabled to keep the centre of gravity over the 
base, narrow as it is. This principle, however, is not con- 
fined to rope-dancers: the most common actions of mankind 
in general are regulated by it. 

Ch. In what respects? 

Fa, We bend forward, you know, when we go up stairs or 
rise from our chair; for when we are sitting, our centre of 
gravity is on the seat, and the line of direction falls behind 
us: we therefore lean forward to bring the line of direction 
towards our feet. For the same reason as I have just ob- 
served, a man carrying a burthen on his back leans forward; 
and if he carries it on his breast he leans backward. K the 
load be placed on one shoulder, he leans to the other. If we 
slip or stumble with one foot, we naturally extend the oppo- 
site arm, making the same use of it as the rope-dancer does 
of his pole. A very familiar example is that of a butcher on 
horseback with a loaded basket, which makes him appear 
more than half off the horse, in order to keep the centre of 
gravity in its right place. 

This property, of the centre of gravity always endeavouring 
to descend, will account for appearances which are sometimes 
exhibited to excite our surprise. 

Em. What are those, Papa? 

Fa. One is, that of a double cone, appearing to roll up two 
inclined planes, forming an angle with each other; for, as it 
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rolls, it sinks between them, and thus the centre of gravily i 
actually descending. 

Let a body, ef^ consisting of two 
equal cones unit^ at their bases, be 
placed upon the edges of two straight 
and smooth rulers, ab and cd, which at * 
one end meet in an angle at a, resting 

on a horizontal plane, and at the other — 

raised a little above the plane; the body n* 

will roll towards the elevated end of the rulers, and appear to 
ascend; the parts of the cone that rest on the rulers growing 
smaller as they roll over a larger opening, and* thus letting it 
down, the centre of gravity descends. But you must re- 
member that the height of the planes must be less than the 
radius of the base of the cone. 

C/i. Is it upon this principle that a cylinder is made to roll 
up hill? 

Fa, Yes, it is; but this can be effected only to a small dis- 
tance. If a cylinder of pasteboard, or very 
light wood, as ab, having its centre of gra- 
vity at c, be placed on the inclined plane, de, 
it will roll down the inclined plane, because 
the line of direction from that centre lies 
out of the base. If I now fill the little hole, 
o, with a plug of lead, it will roll up the inclined plane till the 
lead gets near the base, where it will lay still; because the 
centre of gravity is removed by means of the lead from c, 
towards the plug, and therefore is descending, though the cy- 
linder is ascending. 

Before I close this subject, I will show you another ex- 
periment, which, without a knowledge of the principle of the 
centre of gravity, cannot be understood. 

Upon this stick, a, which, of itself, would ^ 

fall, because its centre of gravity hangs 
over the table, I suspend a bucket, c*, ® 
fixing one end of another stick, d, in a 1 < 
notch at c, and the other against the inside Fig. i3. 
of the bucket at the bottom. Now you will see that the 
bucket will in this position be supported, though filled 
with water: for the bucket being pushed a little out of the 
perpendicular by the stick (/, the centra of gravity of the 



Fig. 12. 




CENTRE OF GRAVITY. 4] 

whole is brought under the table, and is consequently sup- 
ported by it. 

The knowledge of the principle of the centre of gravity in 
bodies will enable you to explain the structure of a variety of 
toys which are put into the hands of children, such as the 
little sawyer^ the rope dancer, the tumbler, ^c. 

Em. How is it, Papa, that there is so much more difficulty 
in caiTying one pail of water than two? 

Fa. It is because with only one pail the centre of gravity 
is thrown on one side, and you find the opposite arm is 
generally thrown out to bring the centre to its original posi- 
tion; but when there is a pail in each hand, one balances the 
other, and the centre of gravity remains supported by the feet. 

What now have you understood of the centre of gravity? 

Ch. It is defined to be a point, about which all the parts ot 
a body or bodies are said to be in equilibrium. 

Fa. Have you any further remarks to make on this subject, 
before we proceed to the Laws of Motion? 

Ch. I think, Papa, you have explained it sufficiently to 
make the science as clear as possible to our comprehension. 

QUESTIONS FOR EXAMINATION. 

Why ifl there danger attached to j the centre of gravity. — How is it that 
wagons, carts, &c. that are loaded very i a double cone appears to roll up an in- 
high ? — What is the reason that chil- 1 dined plane ? — Explain this by fig. 1 1. 
dren and others fall ? — In what posi- 1 — Is there any limit to the height of the 
tion will a man stand the firmest? — [planes? — Explain, by fig. 12, how a 
How do rope-dancers manage to balance I cylinder is made to roll up a hill. — Tell 
themselves? — Give me some instances ■ me, with the assistance of fig. 13, how a 
in which people, in general, without I bucket is suspended by means of the 
knowing it, attend to the direction of ' stick, on the edge of the table. 


CONVERSATION XL 

ON THE LAWS OF MOTION, 

Charles. Are you now. Papa, going to describe those ma- 
chines which you call mechmucal powers f 

Fa. We must, I believe, defer that a day or two longer; 
as I shall give you a few more general principles with which 
I wish you previously to be acquainted. 
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In the first place, joa must well understand what are deno* 
minated the three general laws of motion : the first of which 
is, that a body will eontmue i» its state of rest, or of tmfarm 
moUon, until it is complied by some force to change tint 
state and, I may add, the resistance of the body at rest 
will be equal to the blow struck by the body in moti<Hi« 

Ch There is no difficulty in imagining that a body, such 
as this ink-stand, in a state of rest, must always remain so, if 
no external force be impressed upon it, to give it motion; but 
I know of no example which will lead me to suppose, that 
a body once put into motion would of itself continue so. 

Fa, You will, I think, very soon admit the truth of the 
latter part of the law as well as of the former, although it 
cannot be established by experiment. 

Em, I shall be glad to hear how this is. 

Fa, You will not deny that the ball which you strike 
from the trap, when you are playing, has no more power 
either to put an end to its modem, or make any change in its 
velocity, than it has to change its shape. 

Ch, Certainly not: nevertheless, in a few seconds after 
I have struck the ball with all my force, it falls to the ground, 
and then stops. 

Fa, Have you never found any difference in the time that 
is taken up before a ball comes to rest, in the various places 
you have ever played, even when struck with the same force? 

Ch, Yes: if I am playing on the grass, it rolls not so far 
as when I play on the smooth gravel. 

Fa, You find, also, a like difference, according to the na- 
ture of the ground on which you play, when you have your 
games at marbles. 

Ch, Yes, Papa, the marbles run so easily on smooth stones, 
that we can scarcely shoot with a sufficiently small force. 

Em. And I remember that Charles and my "cousin were 
last winter trying how far they could shoot their marbles 
along the ice in the canal; and they went a prodigious dis- 
tance, in comparison of that which they would have gone on 
gravel, or even on smooth pavement. 

' Fa, By these instances, properly applied, you will be con- 
vinced that a body, once put into motion, would go on for 
ever, if it were not compelled by some external force to 
change its state. 
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C%* Iperoeive already what you are geiag to say. It is 
the rubbing or friction of the marbles against the ground 
which checks their progress; for <m the pavmnent there are 
fewer obstacles than on the gravel, and ffwer on the ice thim 
on the pavement; hence yon would lead ns to conclude that, 
if all obstacles were removed, they might proceed on for ever. 
But what are we to say of the bail? What stops that? 

Fa, You must be aware that, besides friction, there is 
another and still more important circumstance to be taken 
into consideration, which affects not only the ball, marbles, 
&c., but every body that is in motion. 

Ck, Yes: it is the attra>ction of gravitation. 

Fa, Certainly: for, from what we said when we conversed 
on that subject, it appears that gravity has a tendency to 
bring every moving body to the earth ; consequently, in a 
few seconds, your ball must come to the ground from that 
cause alone. Besides the attraction of gravitation, however, 
there is the resistance which the air, tlmough which the ball 
moves, makes to its passage. 

Em. That cannot be much, 1 should think. 

Fa, With regard to the ball struck from your brother's 
trap, perhaps, it is of no great consideration, because the 
velocity is but small; but in all great velocities, as that of a 
ball from a musket or cannon, there will be a material dif- 
ference between the theory and practice, if it be neglected in 
the calculation. Move your Mamma’s riding-whip through 
the air slowly, and you will observe nothing to hint to you 
that there is this resisting medium; but if you move it with 
considerable swiftness, the noise which it occasions will in- 
form you of the resistance it meets with from something or 
other, and which you will find to be the atmosphere. 

Ch. If I now understand you, the force which compels a 
body in motion to stop, is of three kinds: 1. the attraction of 
gravitation; — 2. resistance of the air; — and, 3, the re- 

sistance it meets with from friction. 

Fa. Just so. 

Ch, I have now no difficulty in comprehending that a body 
in motion will not come to a state of rest till it is brought to 
that state by an external force, acting upon it in some way or 
other. I have seen a gentleman, skating on very smooth 
ice, go a great way without any exertion; but where the ice* 
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was rough) he could not go half the distance without making 
fresh efforts to continue his progress. 

Fa, By another instance or two I will further explain this 
law- of motion. Put a basin half filled with water into your 
little sister’s wagon; and when the w'ater is perfectly still, 
move the wagon; the water, resisting the motion of the 
vessel or wagon, will at first rise up in the direction contrary 
to that in which the wagon moves. If, when the motion of 
the vessel is communicated to the water, you suddenly stop 
the wagon, the water, in endeavouring to continue the state 
of motion, rises up on the opposite side. 

In like manner, if, while you are sitting quietly on your 
horse, the animal starts forward, you will be in danger of 
fiilling off backward ; but if, while you are galloping along, 
the animal very suddenly stops, you will be liable to be thrown 
forward. 

Ch, This I know by experience: but I was not aware of 
the reason of it till to-day. 

Fa. One of the first, and not the least important, uses of 
tlie principles of Natural Philosophy is, that they may be ap- 
plied to the common concerns of life, and will be found to 
explain many of its circumstances. 

We now come to the second law of motion; which is, that 
“ the change of motion is proportioned to the force impressed^ 
and in the direction of that force 

Ch. There is no difficulty in comprehending this: for if, 
while my cricket-ball is rolling along, I strike it again, it goes 
oq with increased velocity, and that in proportion to the 
strength which I exert on the occasion; whereas, if, while it 
is rolling, I strike it back again, or give it a side blow, I 
change the direction of its course. 

Fa, In the same way, gravity and the resistance of the 
atmosphere change the direction of a cannon-ball from its 
course in a straight line, and bring it to the ground; and the 
ball goes to a farther or shorter distance in proportion to the 
force applied, which in this case would be in proportion to the 
quantity of powder employed. 

The third law of motion is, that to every action of one 
body upon another there is an equal and contrary re-action f 
or, briefly, re-action is equal to action.^^ If I strike this 
table, I communicate to it the motion of my hand, which you 
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perceive by the shaking of the glasses; and the table re-acts 
against my hand, just as much as my hand acts against the 
table. 

If you press one scale of a balance with your finger, to 
keep it in equilibrium with a pound weight in the other 
scale, you will perceive that the scale pressed by the finger 
acts against it with a force equal to a pound, with which the 
other scale endeavours to descend. 

A horse drawing a heavy load is as much drawn back by 
the load, as he draws it forward. 

Em, I do not comprehend how the cart draws back the 
horse. 

Fa, The progress of the horse is impeded by the load, 
wliich is the same thing; for the force which the horse ex- 
erts would carry him to a greater distance in the same time, 
were he freed from the incumbrance of the load; and, there- 
fore, as much as his progress falls short of that distance, so 
much is he, in effect, drawn back by the re-action of the 
loaded cart. 

Again, if you and your brother were in a boat, and if, by 
means of a rope, you were to attempt to draw another boat to 
you, the boat in which you were would be as much pulled 
toward the empty boat as that would be moved toward you: 
and if the weights of the two boats were equal, they would 
meet in a point half-way between the two. 

If you strike a glass bottle with an iron hammer, the blow 
wdll be received by the hammer as well as the glass; and it 
is immaterial whether the hammer be moved against the 
bottle at rest, or the bottle be moved against the hammer at 
rest; yet the bottle will be broken, though the hammer he 
not injured, because the same blow which is sufficient to 
break glass is not sufficient to break or injure a mass of iron. 

From this law of motion you may learn in what manner a 
bird, by the stroke of its wings, is able to support the weight 
of its body. 

Ch, Please to explain that. Papa. 

Fa, If the force with which it strikes the air below it is 
equal to the weight of its body, then the re-action of the air 
upwards is likewise equal to it; and the bird, being acted 
upon by two equal forces in contrary directions, will rest 
between them. If the force of the stroke is greater than its 
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wdgkti^ the lird will rise with the difference of these two 
foreeB; and if the stroke be Use than its weight, then it will 
sink with the difference. 


QUJKSTI017S FOK EXAMINATION. 


Wbat is the first hnr of motion? — 
Hm a body in motion any power to 
destroy that motion, or to change its 
velocity? — What stops a body running 
on the ground ?— And what brings to 
the earth one that passes through the 
air? — Is there any other cause besides 
IHction and gravitation that destroys 
the motion of bodies ? — How is the re- 
sistance of the air proved? — If a per- 
son walking fast is canying a basin of 
water, and suddenly stops, what will be 
the consequence ? — If a horse, from 


standing still, starts suddenly forward, 
what will happen to the rider ? — Can 
you repeat the second law of motion ? — 
Pray illustrate it by some familiar ex- 
ample.— What changes the direction 
of a cannon ball ? — Upon what does 
the distance passed depend ? — Repeat 
the thini law of motion, and give me 
an instance in proof of its truth. — 
How are action and re-action illustrated 
in the case of a horse drawing a heavy 
load ? — How is this law applicable to 
the flight of a bird ? 


CONVERSATION XIL 

THE LAWS OF MOTION — continued, 

Charles, Are those laws of motion which you explained 
yesterday of great importance in Natural Philosophy? 

Fa, Yes, they are; and they should be carefully committed 
to memory. They were assumed by Sir Isaac Newton as the 
fundamental principles of mechanics; and you will find them 
at the head of all books written on these subjects. From 
these also we are naturally led to some other branches of 
science, which, though we cannot but slightly mention them, 
should not be wholly neglected; as they are, in fact, but corol- 
laries to the laws of motion. 

Em, What is a corollary. Papa? 

Fa, It is nothing more than some truth or consequence 
clearly deducible from some other truth before demonstrated 
or admitted. Thus, by the first law of motion, ewry body 
must endeavour to continue in the state into which it is put^ 
whether it he of rest^ or uniform motiony in a straight line: 
from which it follows, as a corollary, that when we see a body 
move in a curved line, it must be acted upon by at least two 
forces. Corollary is from the Latin corodariwany which is 
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from eoToUa, a garland,” and signified originally a gratuity 
or donation presented to a person over and above what was 
strictly his due, and which was generally a garland^ and 
given in token of approbation — afterwards it was money; 
hence it came to imply any present; and, figuratively^ an 
additicmal inference. 

C%. Wlien I whirl round a stone in a sling, what are the 
forces acting upon the stone? 

Fa, There is the force by which the stone would fly off in 
a right or strmght line, were you to let go the string; and 
there is the force of the hand, which keeps it in a circular 
motion. Have you never seen a wet mop trundled by a ser- 
vant? the threads of the mop fly from the centre, but their 
ends being confined they cannot escape from it; the water, 
however, not being restrained, flies off in straight lines. 

Em, Are there any of these curvilinear motions in nature? 

Fa, The moon and all the planets move by a similar law. 
Take the moon as an instance. It has a constant tendency to 
the earth by the attnusHm cfi gravitation; and it has also a 
tendency to proceed in a right line by that projectile force 
impressed upon it by the Divine Creator, in the same manner 
as the stone flies from your hand. Now, by the joint action 
of these two forces it describes a circular motion. 

Em, And what would be the consequence, supposing the 
projectile force to cease? 

Fa, The moon must fall to the earth: and if the force of 
gravity were to cease from acting upon the moon, it would 
fly off into infinite space. The projectile force, when applied 
to the planets, is called the centrifugal force, as having a ten- 
dency to recede or fly from the centre; and the other force is 
termed the centripetal force, from its tendency to some point 
as its centre, and, in circular motion, these two forces con- 
stantly balance each other. 

Ch, And is all this in consequence of the inactivity of 
matter, by which bodies have a tendency to continue in the 
same state they are in, whether of rest or motion? 

Fa, Yes; and this principle, assumed by Sir Isaac Newton 
to be in all bodies, he called their vis inertia, 

Centrfuged is derived fr*om two Latin words, centrum^ “ the 
centre,” and fugioy “ I fly from.” Centripetal from centrum^ 
the centre,” and peto, I seek.” 
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Ch. A few mornings ago, you showed us that the attract 
tion of the earth upon the moon* is 3600 times less than it 
is upon heavy bodies near the earth’s surface. Now, as this 
attraction is measured by the space fallen through in a given 
time, I have endeavoured to calculate the space which the 
moon would fall through in a minute, were the projectile force 
to cease. 

Fa, Well; and how have you found it out? 

Ch, A body falls here 16 feet in the first second; conse- 
quently, in a minute, or 60 seconds, it would fall 60 times 60 
feet, multiplied by 16, that is 3600 feet, which must be mul- 
tiplied by 16; and, as the moon would fall through 3600 times 
less space in a given time than a body here, it would fall only 
16 feet in the first minute. 

Fa. Your calculation is accurate. I will recall to your 
mind the second law, by which it appears that every motion^ 
or change of motion, produced in a body, must be propor^ 
tional to, and in the direction of, the force impressed. There- 
fore, if a moving body receives an impulse in the direction of 
its motion, its velocity will be increased; if in the contrary 
direction, its velocity will be diminished; but if the force be 
impressed in a direction oblique to that in which it moves, 
then its direction will be between that of its former motion 
and that of the new force impressed. 

Ch. This 1 know from the observations I have made with 
my cricket-ball. 

Fa. By this second law of motion you will easily under- 
stand that if a body at rest receives two impulses at the same 
time, from forces whose directions do not coincide, it will, by 
their joint action, be made to move in a Knethat lies between 
the direction of the forces impressed. 

Em. Have you any machine to prove this satisfactorily? 

Fa. There are many such invented by different persons; 
descriptions of which you will hereafter find in various books 
on these subjects. But it is easily understood by a figure. If 

on the ball, a, a force be impressed, sufficient to i • 

make it move with a uniform velocity to the point 
b in a second of time; and if another force be also cL— 
impressed on the ball, which alone would make it yjg. 14 . 
move to the point c, in the same time; the ball, 

* See CoUYersation IV. 
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by means of the two forces, will describe the line, ad^ wiiich 
is a diagonal of the figure, whose sides are ac and ah, 

Ch, But, how then, is motion produced in the direction of 
the force? According to the second law, it ought to be, in 
one case, in the direction ac, and in the other, in that of a^; 
when as, it is in that oi ad? 

Fa, Examine the figure a little attentively, carrying this 
in your mind, that, for a body to move in the same direction^ 
it is not necessary that it should move in the same straight 
line; but that it is sufficient to move either in that line or in 
any one parallel to it. 

Ch, I perceive, then, that the baU, when arrived at has 
moved in the direction ac, because bd parallel to ac, and 
also in the direction a 6, because cc? is parallel to it. 

Fa, And in no other possible situation, but at the point d, 
could this experiment be conformable to the second law of 
motion. 


QUESTIONS FOE EXAMINATION. 


AVhat is meant by a corollary ? — If 
a body moves in a curved line is it acted 
upon by more than one force? — What 
:ire the forces which act upon a stone 
wliirled round in a sling ?— Explain to 
me by what means the moon is carried 
about the earth ? — What would be the 
consequence if the projectile force, or 
the power of gravity, were to cease to 
act upon the moon? — What do you 
mean by the centrifugal, and centripetal 
forces ? — From what do these fqrces 
result? — What is meant by the term 


wV inertieef — If the projectile force 
that perpetually acts upon the moon 
were to cease, through what space 
would it fall in a minute? — How is 
the velocity of a body increased, or di- 
minished ? — If a body at rest receive 
at the same instant two impulses, the 
directions of which do not coincide, in 
what line will that body move ? — Ex- 
plain this by fig. 14. — Is it necessary 
for a body to move in the same line, in 
order that it should move in the same 
direction ? 


CONVERSATION XIII. 

THE LAWS OF MOTION — continued. 

Father, If you reflect a little upon what we said yesterday 
on the seepnd law of motion, you will readily deduce the fol- 
lowing corollaries, referring occasionally to the last figure. 

1. That if the forces be equal, and act at right angles to one 
another, the line described by the ball will be the diagonal of 

E 
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a $quare. But in all other cases, it will be the diagonal of a 
parallelogram of some kind. 

2. By varying the angle, and the forces, you vary the form 
of your parallelogram. 

Ch, Yes, Papa; and 1 see another consequence; via. that 
the motions of two forces acting conjointly in this way are 
not so great as when they act separately. 

Fa, That is true; and you are led to this ccmclusion, 1 sup- 
pose, from the recollection that, in every triangle, any two 
sides taken together, are greater than the remaining side; and 
therefore you infer, and justly too, that the motions which 
the ball, a, must have received, had the forces been applied 
separately, would have been equal to a c and ab, or, which is 
the same thing, to ac, and cd, the two sides of the triangle, 
adc; bat by their joint action, the motion is only equal to ad, 
the remaining side of the triangle. 

Hence, then, you will remember that in the composition, or 
adding together of forces, as this is called, motion is always 
lost: and in the resolution of any one force, as ad, into two 
others, ac and ab, motion is gained. 

Ch, Well, Papa; but how is it that the heavenly bodies, 
the moon for instance, which is impelled by two forces, per- 
forms her motion in a circular direction round the earth, and 
not in a diagonal between the direction of the projectile force 
and that of the attraction of gravity to the earth? 

jPa.^ Because, in the case just mentioned, there was but tho 
action of a single impulse in each direction; whereas the 
action of gravity on the moon is continual, and causes an ac- 
celerated motion; and hence the line is a curve. 

Ch, Supposing, then, that a represent the moon, and nc 
the sixteen feet tlu’ough which it would fall in a second by 
the attraction of gravity towards the earth, and ab represent 
the projectile force acting upon it for the same time: \iab 
and ac acted as single impulses, the moon would in that case 
describe the diagonal ad; but, since these forces are con- 
stantly acting, and that of gravity is an accelerating force also, 
therefore, instead of the straight line ad, the moon will be 
drawn into the curve line aed. Do I understand the matter right ? 

Fa, Yes: and hence you may easily comprehend how, by 
good instruments and calculation, the attraction of the earth 
upon the moon was discovered. 
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The third law of motion; viz. that €tction mnd re^ax^n. mre 
tfmaL ami in contrary direetiom^ may be illustrated by the 
motion commimicated by tiie peroussioii of daslic and non.^ 
dastic bodies. 

Em, What ai'e these, Papa? 

Fa Elastic bodies are tiiose which have a certain spring, 
by which their parts, upon being pressed inwards by percus- 
sion, return to their former state. This property is evident 
in a ball of wool or cotton, or in ^>onge when compressed. 
Non-elastic bodies are those which, striking against anotheT, 
do not rebound, but move together after the stroke. 

Let two equal ivory balls, a and i, be suspended a 
by threads; if o be drawn a little out of the peqpen- / \ 
dicular, and let fall upon it will lose its motion by / \ 
communicating it to A, which will be driven to a / \ 

distance, c, equal to that through which a fell; and ^ ^ 

hence it appears that the re-action of h was equal to * ? * 
the action of a upon it. 

Em, But do the parts of the ivory balls yield by the stroke^ 
or, as you call it, by the percussion? 

Fa, They do: for if I lay a little paint on «, and let it 
touch A, it will make but a very small speck upon it; but if it 
faU upon b, the speck will be much larger; which proves that 
the balls are elastic, and that a little hollow, or dent, was 
made in each by collision. If, now, t>vo equal soft balls of 
clay, or glazier’s putty, which are non-elastic substances, meet 
each other with equal velocities, they would stop and stick 
together at the place of their meeting ; as '.heir mutual actions 
destroy each other. 

Ch, I have sometimes shot one marble against another so 
cleverly, that the second marble has gone off witli the same 
velocity as that with which the first one approached it, and 
this first marble has remained in the place of the second mar- 
ble. Are marbles, therefore, as well as ivor}% elastic? 

Fa, They are. If three elastic balls r, af, he j j 
hung from adjoining centres, and d be drawn a ] I 
little out of the perpendicular, and let fall upon c, j 
then will d and r b^me stationary, and b will be / 
driven to a, the distance through which d fell upon c, I I . 

If you hang any numbei' of balls so as to touch ^ q O 
each otlier, and draw the outside one away to a Fig- le. 

£ 2 
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iittle distance, and then let it fall upon the others, the ball on 
the opposite side will be driven off, while the rest remain 
stationary: so equally is the action and re-action of the sta- 
tionary balls divided among them. In the same manner, if 
two are drawn aside and suffered to fall on the rest, the 
opposite two will fly off, and the others remain stationary. 

There is one other circumstance depending upon the action 
and re-action of bodies, and also upon the vis inerticB of matter, 
worth noticing. By some authors you will find it largely 
treated upon: it is this — 

If I strike a blacksmith’s anvil with a hammer, action and 
Tc-action being equal, the anvil strikes the hammer as forcibly 
as the hammer strikes the anvil: and further — 

If that anvil be large enough, I might lay it on my breast, 
and suffer you to strike it with a sledge hammer with all 
your strength, without pain or risk of injury; for the vh 
inertice of the anvil sufficiently resists the force of the blow: 
but if the anvil were only a pound or two in weight, your 
blow would probably kill me, or at least do me some serious 
injury. This feat is often exhibited at country fairs to many 
wondering spectators. 

It is upon this principle also that the recoil in firing guns 
and cannons is to be explained, when the re-action is equal to 
the action: but a heavy camion by its vis inertice operates so 
as to lessen the recoil. 


QUESTIONS FOR 

If two equal forces act upon a body 
at rijjlit angles to one another, what 
line will be described by that body? — 
Suppose the forces are not equal and do 
not act at right angles to one another, 
what will be the line described ? — How 
do you know that two forces acting con- 
jointly on a Iwdy do not produce so 
great an effect as if they were to act 
separately ? — In what cases is motion 
lost, and in what others is it gained ? — | 
Why do the planetary bodies move in ' 
curves ? — Explain this by means of the 
figure. — How is the third law of motion 
illustrated? — Explain the difference 


EXAMINATION. 

between elastic and non-elastic bodies. 
— Show me, by a reference to fig. 1 5, how 
action and re-action are equal and in 

contrary directions How is it proved 

that elastic bodies, as ivory balls, yield 
by percussion? — What would be the 
consequence of two non-elastic bodies, 
in motion, meeting each other. — What 
proof is there that marbles are elastic ? 
Explain to me the intention of fig. Id? 
— What curious circumstance is thera 
resulting from the vU inertia of bodies, 
and from the action and reaction of 
bodies? 
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CONVEliSATION XIV. 

THB MECHANICAL POWERS. 

Charles, Will you now, Papa, explain the Mechanical 
Powers? 

Fn, I will: and you must bear in mind four things: 1st. 
that the power acting may be either the effort of men or ani- 
mals, springs, weight, steam, &C.5 2. The resistance to be 
overcome by the power, is the weight or object to be moved; 
3. The point about which aU the parts of the body move is 
the prop or fulcrum; 4. Observe the respective velocities of 
tlie power, and of the resisting body. But first, I hope you 
have not forgotten what the Momentum of a body is. 

Ch, No, Papa: It is that force of a moving body which is 
estimated by the weight, multiplied into its velocity. 

Fa, May a small body, therefore, have an equal momentum 
with one much larger? 

Ch, Yes, provided the smaller body move much swifter 
than the larger one, as the weight of the latter is greater than 
that of the ‘former. 

Fa, What do you mean when you say that one body moves 
swifter, or has a greater velocity than another? 

Ch, I mean that it passes over a greater space in the same 
time. Your watch will explain my meaning. The minute- 
hand travels round the dial- plate in an hour; but the hour- 
hand takes twelve hours to .perform its course; consequently 
the velocity of the minute -hand is twelve times greater than 
that of the hour-hand; because, in the same time, (viz. twelve 
hours) it travels over twelve times the space that is gone 
through by the hour-hand. 

Fa, But this can be true only on the supposition that the 
two circles are equal. In my watch, the minute-hand is 
longer than the other, and consequently the circle described 
by it is larger than that desciibed by the hour-hand. 

Ch, I see at once that my reasoning holds good only in the 
case where the hands are equal. 

Fa, There is, however, a particular point of the longer 
hand, of which it may be said, with the strictest truth, that it 
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has exactly twelve times the velocity of the extreme point of 
the shorter hand. 

CL That is the point at which if the remainder were cut 
off, the two hands would be equal And, in fact, every dif- 
ferent point of the hand describes d^iwt spaces in the same 
time. 

I^a. The littte pi t c i which tne hands seem to move 
(for they are reaUy moved by ‘iffeient pivots, one within 
another) may be cnlled the centre of motwHy which is a fixed 
point; and the longer the hand is, the greater is the space 
described. 

CL The extremities of the vanes a windmill, when they 
arc going very fast, are scarcely distinguishable, though the 
separate parts, nearer the miL, are easily discerned. This is 
owing to the velocity of the extremities being so much greater 
than that of the other parts. 

Em, Does not the swiftness of the round-abouts which we 
see at fairs depend on the same principle; viz. the length of 
the poles upon which the seats are fixed? 

Fa, Yes; the greater the distance at which these seats are 
placed from the centre of motion, the greater is the space 
which the boys and girls travel for their halfpenny. 

Em, Those in the second row then, had a shorter ride for 
their money than those at the end of the poles. 

Fa, Yes; shorter as to space, but the same as to time. In 
the same way, when you and Charles go round the gravel 
walk for half an hour's exercise, if he run, while you walk, 
lie will, perhaps, have gone six or eight times round in the 
seme time that you have been but three or four times. Now, 
as to time, your exercise has been equal; but he may have 
passed over double the space in the same time. 

Ch, How does this apply to the explanation of the me- 
chanical powers? 

Fa,. You will find the application very easy. Without 
dear ideas of what is meant by time and space^ it cannot be 
expected that you could readily comprehend the principles of 
Mechanics; but let us proceed: 

There are six Mechanical powers: the Lever; the Wheel 
and Axle; the Pulley; the Inclined-plane; the Wedge; and 
the Screw; and one or more of them will be found employed 
in evwy machine; in fact, the great body of mechanism to be 



THE MECHANICAL POWERS. 55 

seen in our largest manufactories may be resolved into some 
one or more of these six powers. 

Em. Why are they called Mechanical Powers? 

Fa. Because by their means we are enabled meehanicaUy 
to raise weights, move heavy bodies, and overcome resistances, 
which without their assistance, could not be done. 

Ch. But is there no limit to the assistance gained by 
these powers? I remembei reading of Archimedes, who 
said that with a place for his fulcrum, he would move the 
earth itself. 

Fa. Human power, with all the wonderful assistance which 
art can give, is yet very limited, and upon this principle, that 
‘‘ what we gain in power we lose in feme.” For example: if 
by your own unassisted strength you are able to raise fifty 
pounds to a certain distance in one minute, and if by the help 
of machinery, you wish to raise 500 pounds to the same 
height, you will require ten minutes to perform it: thus you 
increase your power ten-fold, but it is at the expense of time; 
or, in other words, you are enabled to do, with one effort, in 
ten minutes, that which you could have done in ten separate 
efforts in the same time. 

Em. The importance of mechanics, then, is not so great as 
we might imagine it to be at first sight; as there is nc real 
gain of force acquired by the mechanical powers. 

Fa. You must consider that, although there be not any 
actual increase of force gained by these powers; the advan- 
tages which men derive from them are inestimable. Suppose, 
for example, that several small weights, manageable by human 
strength, are to be raised to a certain height, it may be fully 
as convenient to elevate them one by one as to take the ad- 
vantage of the mechanical powers, in raising them all at once; 
because, as we have shown, the same time will be necessary 
in both cases: but suppose you have a large block of stone, oi 
a ton weight, to carry away, or a weight still greater, what 
would you do? 

Em. I did not give that a thought. 

Fa. Bodies of this kind cannot be separated into parts 
proportionate to human strength without immense labour, nor, 
perhaps, without rendering them unfit for those purposes to 
which they are to be applied. Hence, then, you perceive the 
great importance of the mechanical powers; by the use of 
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which a man is enabled to manage with ease a weight manj 
times greater than himself. 

Ch. I have, in fact, seen a few men, by means of pulleys, 
and seemingly with no very great exertion, raise an enormous 
oak into a timber-carriage, in order to convey it to its desti- 
nation. 

Fa, A very excellent instance, Charles: for if the tree had 
been cut into such pieces tis could have been managed by tliv 
natural strength of these men, it would not have been wortl 
carrying away for any purpose which required an extendco 
length. 

Fm, I now perceive it clearly. What is a fulcrum, Papa? 

Fa, It is the fixed •pointy or prop, round which the other 
parts of a machine move. It is a Latin word, meaning a prop, 

Ch, The pivot, upon which the hands of your watch move, 
is a fulcrum, is it not. Papa? 

Fa, Certainly it is: and you remember we called it also 
the centre of motion. The rivet of these scissars is also a 
fulcrum. 

Em, Is that a fixed point, or prop? 

Fa, Undoubtedly, as it regards the two parts of the 
scissars; for that always remains in the same position, while 
the other parts move about it. Again; take the poker, and 
stir the fire, now that part of the bar on which the poker 
rests is a fulcrum; for the poker moves upon it as a centre. 

It must be borne in mind, that a greater force, the weight, 
can under no circumstances be supported by a less, the power; 
the fact is, that by the contrivance of the lever, a portion of 
the resistance is made to be borne by the fulcrum, the whole 
of it being divided between that point and the point of appli- 
cation of the power- 

Are you now, my children, satisfied with the foregoing ex- 
planation of the Laws of Motion? 

Ch, Yes, Papa; and besides what you have there set forth, 
experience teaches us that it requires the same force to de- 
stroy motion as to produce it : therefore, all bodies are inac- 
tive, so that they cannot move unless impelled, or stop unless 
by some force impressed on them. 

Fa, Is motion perpetual? 

Ch. Yes ; as regards itself; but no motion contrived by ai’t 
cm be perpetual^ on account of the resistance of the medium. 



THE MECHANICAL POWEKS. 57 

Fa^ Are the centripetal and centrifugal forces always 
equal ? 

Ch, Yes, for as they act in contrary directions, they de- 
stroy each other’s effect; so that neither body is suffered to 
fly off nor fall in, but is continued on its own proper and 
acquired orbit. 

Fa. Then you account for the continued motions of the 
heavenly bodies in this way? 

Ck. Such, I find, is the opinion established by Science. 
The moon revolves about the earth from the same causes 
that the earth and other planets revolve about the sun; that 
is, by means of a projectile force, and a centripetal force tend- 
ing to the centre of the earth. 

Fa. Does this apply to all other kinds of motion? 

Ch. The same principles certainly apply to all kinds of 
motion. 

Fa. In our Ninth Conversation you were informed of the 
effect produced by motion on a person riding on horseback. 
Have you ever heard of any other example of this operation 
of the laws of motion? 

Ch. I recollect a circumstance in point, related to me some 
time ago by a friend, who was present when it happened. 
But I never reflected till now how much it illustrates the 
present subject. It is this: — A troop of yeomanry cavalry 
had been raised in a northern district during the late war, 
consisting of farmers, butchers, &c., as is usual, and had 
become tolerably expert in their exercise; but their horses 
had not been sufficiently trained to execute any manoeuvres 
with honour to themselves. Notice having been giving that 
the reviewing oflScer of the district would pay them a visit on 
a certain day, for the purpose of inspe<?i;ion, the volunteers 
solicited the Colonel of a cavalry regiment, stationed in 
neighbouring barracks, to lend them, for the important day, 
as many regularly trained horses as would mount them all 
for the review. The Colonel, smiling^ complied. The yeo- 
men were mounted. Manoeuvres began, and went on tolerably 
well till a charge was sounded. The gallant troop rushed on 
with great rapidity, sword in hand, elate with pride in their 
own dexterity, when, lo! the bugle suddenly sounded a halt. 
The dead stop of the horses at this signal, so different from 
anything their riders had been before accustomed to, threw 
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most of them several feet over their heads, to the no small 
humiliation of the yeomanry. Fortunately, they received but 
little personal injury. These poor fellows had therefore such 
a lesson on the Laws of Motion as, I suppose, they will never 
forget. 

Fa, I am glad to find your memory so excellent; but we 
will now revert to our present Lecture: you have in this be- 
come acquainted with the simple mechanical powers, and 
learned their names. What have you to remark thereon ? 

Ch, I perceive, plainly, that they are calculated to perform 
what the strength of any animal coiild not effect without 
them; but I must confess I have not understood much of the 
principles on which they act; besides, nothing has been said 
in respect of the motion of weight. 

Fa, What have you gathered from the authors you have 
read on that point? 

Ch, I understand that the body which is moved, or 
hindered from moving, is the weight. That which moves or 
sustains the weight is called the jootocr. By the action of the 
weight we are not to understand the motion of its centre of 
gravity in a horizontal line, nor the circular motion of the 
parts about the centre of gravity: for, in both these cases the 
gravitation of the body is no impediment to its motion. The 
motion of the weight is merefy the ascent or descent of its 
centre of gravity. 

But are there not. Papa, distinct centres to be consi- 
dered in connexion with Mechanics in general? 

Fa, Yes; there are three centres. First, the centre of 
magnitiMe of a body, which is a point taken as nearly as pos- 
sible at an equal distance from all the outward parts. Se- 
condly, the centre hf motion of a body, which is any point 
whereon the body may rest, or about which it may move. 
Thirdly, the centre of gravity of a body, which is a point 
whereon all the parts of the Iwdy balance each other; so that 
if this point be made the centre of motion, the body may be 
placed and continued at rest in any situation. 

Ch, Can any body stand or retain its positicm upon either 
a horizontal or inclined plane suspended, unless a perpendi- 
cular proceeding from the centre of gravity fall witbia the 
Imse? 

Fa. No. In aQ suspended bodies at rest upon any centre 
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•of motion, the centre of gravi^ is either directly over or 
■directly under the e^tre of motion. 

QUESTIONS FOB EXAMINATION. 

What doroamean the momentum stance or two on this subject ? — Is it ne- 
•ofa body? — Do you know how to make oessaiy to have dear ideas with regard to 
the memento of unequal bodies, equal? time and QMtcef — How many mecha- 
— Wliat is meant by one body having nical powers are there ? — Why are they 
a greater velodty than another? — so called? —What limits the assistance 
What familiar example will illustrate gained by these powers ? — Explain 
it ? — Does every part of the minute what you mean by the phrase, that 
hand of a watch or clock travel twelve ** what we gain in power we lose in 
times faster than the hour hand? — time.** — How are the advantages of 
What is meant by the centre of motion the mechanical powers set f(»rUi ? — 
of a watch ? — What parts of the vanes What is meant by a fulcrum ? — What 
•of a windmill move the faster ? — Why is the fhlcmm of a watch ? — Why is 
m:e some parts of tlie vanes of a mill in the pivot ,<m which scissars move called 
tiuick motion more distinguishable than a fulcrum? — When you stir the fire 
Others ? — Can you give me another in- with a poker what forms the fulcrum ? 


CONVERSATION XV 

OF THE LEVER. 

Father, We will now consider the Lever , yrhich is generally 
^called the first mechanical power. 

The lever is any inflexible bar of wood, iron, or other ma- 
terial, which serves to raise weights, while it is supported at 
a point by an immoveable prop or fulcrum^ on which, as the 
centre of motion, all the other parts turn. — 
ab^ wall represent a lever ^ and the point c, the 
fulcrum or centre of motion; and the two parts 
of the lever divided by the fulcrum, are called 
its arms. Now, it is evident, if the lever turn 
on its centre of motion, c, so that a comes into the position e; 
b at the same time must come into the position d. If both 
the arms of the lever be equal, that is, if ac is equal to bcy 
there is no advantage gained by it; for they pass over equal 
spaces in the same time: and, according to the fundamental 
principle already laid down (p. 55) “ as power is gained^ 
time must be lost:^* therefore, no time being lost by a lever of 
this kind, there can be no power gained. 
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Ch. Why, then, is it called a mechanical power? 

Fa. Strictly speaking, perhaps, it ought not to be so con- 
sidered; but it is usually reckoned as one, and has the ful- 
crum between the weight and the power, which is the dis- 
tinguishing property of levers of the first kind: and when the 
fulcrum is exactly the middle point between the weight 
and power, it forms the common balance; to wdiich, if scales 
be suspended at a and it is fitted for weighing all sorts of 
commodities. The point of suspension is the fulcrum or 
centre of motion; scales for weighing heavy bodies are some- 
times balanced upon this fulcrum instead of being suspended. 

Em, You say .it is a lever of the first kind. Are there 
several sorts of levers? c Fig. is 

Fa, Yes; there are three 


sorts: some persons reckon 
four: the fourth, however, is | 
but a bended one, of the first | 
kind. A lever of the first Q vr 
kind, has the fulcrum between 
the weight and the power. 

The seco7id kind of lever has the 
fulcrum at one end, the po^er at 
the other, and the weight between 
them. 

In the third kind the power 
is between the fulcrum and the ^ 
weight. ’ ‘ 


“ Of Levers’ powers the different sorts are three ; 
'Y\\e first in steel-yards and in scales you see ; 
The best, a second, is the miller’s lift, 

Where power vmdL fulcrum to each end you shift; 
And in the third the worst of all, my friend, 

You find the weight fulcrum at each end.” 




Let US take the lever of the first kind (fig. 18), which, if it 
be moved into the position cdy by turning on its fulcrum, e, 
it is evident that while a has travelled over the short space 
acy b has travelled over the greater space bd; which spaces 
are to one another exactly in proportion to the length of the 
arms ae and be. If, therefore, you apply your hand first to 
the point and afterwards to b, in order to move the lever 
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into the position cc/, using the same velocity in both cases, 
you will find that the time spent in moving the lever, when 
the hand is at 6, will be as much greater as that spent when 
the hand is at cf, as the arm 6 c is longer than the arm 
ae; but then the exertion required will, in the same propor- 
tion, be less at h than at a. 

Ch. The arm he appears to be four times the length of ae. 

Fa, Then it is a lever which gains power in the propor- 
tion of four to one: that is, a single pound weight applied to 
the end of the arm h c, as at /?, will balance four pounds sus- 
pended at a, as w, 

Zft, I have seen workmen move large pieces of timber 
to very small distances by means of a long bar of wood or 
iron. Is that a lever? 

Fa, Yes: they force one end of the bar, termed a crow- 
bar, under the timber, and then place a block of wood, stone, 
&c., beneath, as near the same end of the lever as possible, 
for a fulcrum, applying their own strength to the other. 
Power is gained in proportion as the distance from the ful- 
crum to the part where the men apply their strength is 
greater than the distance from the fulcrum to the end which 
is under the timber. 

Ch, It must be very considerable; for I have seen two or 
three men move a tree in this way, of several tons weight, I 
should think. 

Fa, That is not difficult: for, supposing a lever to gain the 
advantage of twenty to one, and a man by his natural strength 
being able to move but a hundred weight, he will find that by 
a lever of this sort he can move twenty hundred weight, or a 
ton; for single exertions, however, a strong man can put 
forth a much greater power than is sufficient to remove a 
hundred weight! and some levers are in use, by which a still 
more considerable advantage is gained than that of twenty to one. 

Ch, I think you said, the other day, that the common 
steel-yard is a lever. 

Fa, I did so: the short arm ac is, 
by an increase of size, made to ba- 
lance the longer one be, and from c, 
the centre of motion, the divisions 
or graduated marks must commence. 

Now, if be be divided into as many 
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{»arts as it will contain, each equal to ac, a single weight, mt 
a pound, jp, will serve for weighing anything as heavy as 
itself, or as many times heavier as there are graduated marks 
or divisions in the arm c. If the weight p be placed at the 
divisi<»i 1 in the arm bcy it will balance one pound in the 
scale at a: if it be removed to 3, 5, or 7, it will balance 3, 5, 
or 7 pounds in the scale; for these divisions being respectively 
3, 5, or 7 times the distance from the centre of motion c that 
a is, it becomes a lever, which gains advantage, at those points, 
in the proportions of 3, 5, and 7. If, now, the intervals 
between the divisions on the longer am be subdivided into 
halves, quarters, &c., any weight may be accurately ascer- 
tained even to halves, or quarters of pounds, &c. In the 
steel-yard, the hook by which it is suspended is its fulcrum or 
prop. 

On the same principle is tlie Seesaw: when two boys ride 
see-saw on a plank drawn over a log of wood, the plank is a 
Ifever, the log the fulcrum, and one boy is the power, and +he 
other the weight or resistance. If the boys are of equal 
weight, the plank must be supported in the middle; to make 
the two arms equal; if they differ in weight the plank must 
be drawn over the prop to make the arms unequal, and the 
lightest boy placed at tlie end af the longest arm, in order 
that the greater velocity of his motion may make up for the 
greater weight of his companion, so that their momenta may 
be equal ; and each as he comes alternately to the ground may 
be c^ed the power. 


QUESTIONS FOB EXAMINATION. 

What is meant by a lever, and for scribed by the arms of a kvcr ? — Gaa 
what is it used? — Explain by means you explain this by referring to fig. 18 ? 
of fig. 17 its mode of action. — How — What power does a lever gain whose 
many sorts oflevers are tiiere? — How two arms are as 9 to 3 ? — How is U 
is the fhlcrum situated in the lever of that an iron crow in moving timber of 
the first kind? — How in that of the stone, acts upon the principle of a lever? 
second?— How in the tliird? — Bepeat —Explain by fig. 19, how it is tlmt 
the lines descriptive of the lever? — the common steel-yard, made use of 
In what proportion are the spaces de- the butcher, is a lever. 
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THE 'LEVE.SL— continued. 


Emma. What advantage has the steel-yard, which yon de- 
scribed in our last conversation, over a pair of scales ? 

Fa. It may be much more readily removed from place to 
place, and requires no other apparatus than a single weight 
for all the purposes to which it can be applied. I^metimes 
the arms are not of equal weight. In that case the weight p 
must be moved along the arm b c, till it exactly balances the 
other arm without a weight ; and in that point a notch must 
be made, marking over it a cypher 0, from which the divi- 
sions or graduated marks must commence. 

Ch, Is there great accuracy required in the manufacture of 
instruments of this kind ? 

Fa. Of such importance is it to the public that there 

should be jio er’- >r or frauu by means of false weights, or false 
balances, that i^ is the business of certain public officers to 
examine, at stated seasons, the weights, measures, &c., of 
cr'cry s’ ^pkeeper in the land. Yet it is to be feared that, 
after all precautions, much fraud is practised upon the unsus- 
pecting. 

Em. ^ e day lasi; summer I bought, as I supposed, a 
I)ound ol cherries a., the door: but Cliarles thinking they did 
not weigh a pound, we tried them in your scales, and found 
but twelve ounces, instead of a pound: and yet the scale 
went down as if the man had given me full weight. How 
wuis that managed? 

Fa. It might be done in many ways: by short weights, or 
by the scale in which the fruit was put being made in some 
way heavier than the other; but fraud may be practised with 
good weights and even scales, by making that arm of the 
balance, on which the weights hang, shorter than the other; 
for then a pound weight will be balanced by as much less 
fruit than a pound as that arm is shorter than the other. 
This was probably the method by wliich you were cheated. 
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Em, By what method could I have discovered this cheat? 

Fa, The scales, when empty, are exactly balanced: but 
when loaded, though still in equilibrium, the weights are un- 
equal, and the deceit may instantly be discovered by chang- 
ing the weight to the contrary scale. I will give you a rule 
to find the true weight of any body by such a false balance. 
The reason of the rule you will understand hereafter. Find 
the weight of the body by both scales^ multiply them together^ 
and then find the square root of the product^ which is the true 
weight,^' 

Ch, Let me see if I understand the rule. Suppose a body 
to weigh 16 ounces in one scale, and in the other 12 ounces 
and 4 quarter; if I-multiply 16 by 12 and a quarter, I get 
the product 196; the square root of which is 14: for I find 
14 multiplied into itself gives 196; the true weight of the 
body therefore is 14 ounces. 

Fa, That is just what I meant. To the lever of the first 
kind may be referred many common instruments, such as 
scissars, shears, sugar-nippers, pincers, snufiers, the hand- 
pike, toothed-hammer, pump-handle, &c., which are made of 
two levers, acting contrary to each other. 

Em, The rivet where the two levers are screwed together 
is the fulcrum or centre of motion; the hand the power used; 
and whatever is to be cut is the resistance to be overcome; 
therefore the longer the handles, and the shorter the points 
of the scissars, the more easily will they cut; hence when 
pasteboard, or any hard substance is to be cut, we use that 
part of the scissars nearest the screw or rivet. 

Ch, A poker stirring the fire is also a lever ; for the bar 
is the fulcrum, the hand the power, and the coals the resist- 
ance to be overcome. 

Fa, We now proceed to levers of the second kind, in 
which the fulcrum c (fig. 19,) is at one end, the power p at 
the other end b, and the weight to be raised, w, is somewhere 
between the fulcrum and the power. 

Ch, And how is the advantage gained to be estimated in 
this lever^ 

Fa, By looking at the figure you will find that power or . 
advantage is gained in proportion as the distance of the 
power p from the fulcrum is greater than the distance of the 
weight w. 
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Ch. Then, if the weight is suspended at one inch from the 
fulcrum, and the power acts at five inches from it, the power 
gained is five to one ; or one pound at/) will balance five at 

Fa. It will: for you perceive that the power passes over 
five times as great a space as the weight; or, while the point 
a, in die lever, moves over one inch, the point h will move 
oVer five inches. 

Em. What things in common use are to be referred to the 
lever of the second kind ? 

Fa. The most common and useful of all things. Eve.y 
door, for instance, which turns on hinges, is a lever of this 
sort. The hinges may be considered as the fulcrum or centre of 
motion; the whole door is the weight to be moved ; and tlie 
power is applied to that side on which the handle is usually 
fixed. 

Em. Now I see the reason why there is considerable dif- 
ficulty in pushing open a heavy door, if the hand is applied 
to any part near the hinges ; although it may be opened with 
the greatest ease in the usual method. 

Ch, This sofa, with my sister upon it, represents a lever of 
the second kind. Does it not. Papa? 

Fa. Certainly; if, while she is sitting upon it, in the mid- 
dle, you raise one end, while the other remains fixed as a 
prop or fulcrum. Similar to this is the wheel-harrow; in 
which the axis of the wheel is the fulcrum, the load and 
barrow, the weight or resistance, and the force of the labourer, 
the power. To this kind of lever may be also referred nut- 
crackers, oars, rudders of ships; and those cutting knives 
with one end fixed in a block, used for cutting chaflT, drugs, and 
wood for various uses ; also lemon and cork squeezers, &c. 

Em. I do not see how oars and rudders are levers of this 
sort. 

Fa. The boat is the weight to be moved, the water is the 
fulcrum, and the waterman at the handle of the oar the power; 
so that the force with which the boat is impelled, is to that 
exerted by the rower, as the distance from the middle of the 
blade to the point where he grasps the oar, is to the distance 
from the same point, to the side of the boat. The masts of 
ships are also levers of the second kind ; for the bottom of the 
vessel is the fulcrum, the ship the weight, and the wind act- 
ing against the sail is the moving power. 

F 
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lever of the first kind ? — Why are they 
80 referred? — Show me by means of 
fig- 19. the action cf a lever of the 
second kind, and what advantage is 
gained by it ? — What things in com- 
mon use are to be referred to the lever 
of the second kind ? — What causes the 
difficulty of moving a heavy door, when 
the hand is applied to that part next 
to the hinges ? — Mention some other 
things that act as levers of the second 
kind. — Can the knowledge of this prin- 
ciple be made practically useful in other 


instances ? — How is the case of two men 
of unequal strength carrying a burden, 
referable to the principle of a lever of the 
second kind? — Is the same principle 
applicable to the horse drawing a car- 
riage? — Describe by fig. 20, the lever 
of the third kind. — What proportion 
must the power bear to the weight in 
levers of this kind ? — Is any advantage 
gained by this lever as a moving power? 
In what cases is it used ? — What is the 
most important application of the prin- 
ciple of this lever ? 


CONVERSATION XYII. 

OF THE WHEEL AND AXLE. 

Father. Well, Emma, do you understand the principle of the 
lever, which we discussed so much at large yesterday ? ‘ . 

Em. I think so. Papa : the lever gains advantage in pro- 
portion to the space passedthroughby the acting power; that 
is, if the weight to be raised be at the distance of one inch 
from the fulcrum, and the power is applied nine inches distant 
from it, then it is a lever, which gains advantage as 9 to 1 ; 
because the space passed through by the power is nine times 
greater tlian that passed through by the weight; and, there- 
fore, what is lost in time, by passing through a greater space, 
is gained in power. 

Fa. You recollect also what the different kinds of levers 
are, I hope. 

Em. I shall never see the fire stirred without thinking of 
a simple lever of the first kind; and my scissars will frequently 
remind me of a combination of two levers of the same sort; 
the opening and shutting of the door, will prevent me from 
forgetting the nature of the lever of the second kind; and, I 
am sure that I shall never see a workman raise a ladder 
against a house without recollecting the third sort of lever. 
Besides, I consider that a pair of tongs is a lever of this 
kind. 

Fa, You are right; for the fulcrum is at the joint, and the 
power is applied between that and the parts used in taking up 
coals, &c. So, also, is the treddle of a turning-lathe, and the 
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shears used by sheep-shearers, and sugar-tongs. Can you, 
Charle s, tell me, how the principle of momentum applies to 
the le\ or? 

Ch, The momentum of a body is estimated by its weight, 
multiplied into its velocity; and the velocity must be calcu- 
lated 1 ; the space passed through in a given time. Now, if 
I examine the lever, in the engravings, p. 60, and consider it 
as an inflexible bar turning on a centre of motion, it is evi- 
dent that the same time is used for the motion both of the 
weight and the power ; but the spaces passed over are very 
different; that which the power passes through, being as 
much greater than that passed by the weight, as the length 
of the distance of the power from the prop or fulcrum is 
greater than the distance of the weight from the prop; and 
the velocities being as the spaces passed in the same time, 
must be greater in the same proportion. Consequently, the 
velocity of jo, the power, multiplied into its weight, will be 
equal to the smaller velocity of multiplied into its weight; 
and thus, their momenta being equal, they will balance one 
another. 


JE a. This applies to the first and second kind of lever. 
WJuit do you say to the third? 

Ch, In the third, the velocity of the power ji), (fig. 20,) 
being less than that of the weight it is evident, in order 
that their momenta may be equal, that the weight acting at 
must be as much greater, than that of w as a c is less than 
be; and then they will be in equilibrium. 

JFh. We come now to the second Mechanical power, viz., 
tlie Wheel and Axle, which gains power in proportion as the 
circumference of the wheel is greater than that of the axle. 
This machine may be referred also to the principle of a per- 


petual Lever: is the wheel, cd its 

axle; and if the circumference of the 
■^vheel be eight times as great as that of 
the axle, then a single pound,/?, will ba- 
lance a weight, w, of eight pounds. It is 
principally used in the elevation of 



Fig. 22. 


weights. 


Ch\ Is it by an instrument of this kind that water is drawn 
from those deep wells so common in many parts of the country ? 
Fa, It is; but, as in most cases of this kind, only a single 
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bucket is raised at once, there requires but little power in the 
operation, and therefore, instead of a large wheel, as a h, an 
iron handle, called a winch, fixed at c, is employed, which, 
you can well imagine, by its circular motion, to answer the 
purpose of a wheel. This construction is called a windlass. 

Ch, I can fancy the iron shaft attached to the handle to 
represent the spoke of a wheel, and I once raised some water 
a machine of this kind, and found that, as the bucket 
ascended nearer the top, the difficulty increased. 

J^a. That must always be the case where the wells are so 
deep as to cause, in the ascent, the rope to coil more than 
once round the length of the axle; because the advantage gained 
is in proportion as the circumference of the wheel is greater 
than that of the axle; so that, if the circumference of the 
wheel be 12 times greater than that of the axle, one pound 
applied at the former will balance 12 hanging at the latter; 
but, by the coiling of the rope round the axle, the difference 
between the circumference of the wheel and that of the axle 
continually diminishes, the advantage consequently gained 
is less every time a new coil of rope is wound on the 
whole length of the axle. This explains why the difficulty 
of drawing the water or any other weight increases as it 
ascends nearer the top. 

Ch. Then, by diminishing the axle, or by increasing' the 
length of the handle, or size of the wheel, advantage is gained? 

Fa. Yes; by either of those methods you may gain power; 
but it is very evident that the axle cannot be diminished be- 
yond ascertain limit without rendering it too weak to sus- 
tain the weight; nor can the handle be managed if it be con- 
structed on a scale much larger than what is commonly used. 

Ch. We must, therefore, have recourse to the wheel, with 
spikes standing out of it at certain distances from each other, 
to serve as levers. 

Fa. You may by this means increase your power; but it 
must be at the expense of time; for you know that a simple 
handle may be turned several times while you are pulling the 
wheel round once. The conical wheel of a watch, called the 
fusee, is made in the shape of a cone, so that its radii may in- 
crease exactly in the proportion in which the power dimi- 
nishes. When the watch is just wound up the fusee acts by 
its smallest radius, and as the spring or power weakens, the 
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greatest radius comes into operation. To tke principle of the 
wheel and axle may be referred the grindstone, the capstan of 
ships, and windlass, and all those numerous kinds of cranes 
which are to be seen at the different wharfs on the banks of 
the rivers and canals, &c. 

(7^. YiThat kind of a thing is a capstan, Papa? 

-Fa. A capstan is of similar construction to the windlass, 
except that the axle or cylinder round which the rope cods is 
not placed horizontaUy but vertically; and the power is ap- 
plied by means of a series of levers placed round it at equal 
distances in the direction of radii. 

Ch. I have seen a crane consisting of a wheel large enough 
for a man to walk in. 

Fa. In this the weight of the man, or men (for there are 
sometimes two or three), is the moving power: for, as the 
man steps forward, the part upon which he treads becomes 
the heaviest, and consequently descends till it be the lowest. 
On the same principle, you may see, at the door of many 
birdcage-makers, a bird, which, by its weight, will give a 
wicker cage a circular motion. Now, if there were a small 
weight suspended to the axle of the cage, the bird, by its 
motion, would draw it up: for, as it hops from the bottom 
bar to the next, its momentum causes that to descend; and 
thus the operation is performed, both with regard to the cage 
and to those large cranes which you have seen: and so in 
squirrel cages. 

In like manner tread-wheels on a very large construction 
have been employed in our prisons to give motion to the axle; 
the strength of the legs, combined with the weight of the 
body, giving much greater power than the arms. 

Em, Is there no danger if a man happens to slip? 

Fa. If the weight be very great, a slip with the foot may 
be attended with very dangerous consequences. To prevent 
which, there is generally fixed, at one end of the axle, a little 
wheel, g (fig. 22,)* called a racket wheel, with a catch h, to 
fall into its teeth: this will, at any time, support the weight, 
in case of an accident. Sometimes, instead of men walking 
within the great wheel, cogs are set round it on the outside, 
and a small trundle wheel to be turned by a winch is made to 
work in the cogs. 


* Seo engraring, p. 69. 
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(pi* Are there not other kinds of cranes, in the use of 
which there is no such danger as you have been describing? 

Fa. You should know, my dear children, that the crane is a 
machine of so much importance to the commercial concerns 
of this country that alterations and improvements in it are 
continually offered to the public. When we go to the library 
I will show you, in the tenth volume of the “ Transactions of 
the Society for the Encouragement of Arts and Sciences,” an 
engraving of a safe, and, I believe, very excellent crane, in- 
vented by Mr. James White, who possessed a most extraor- 
dinary genius for mechanics, 

Ch, But you said that this mechanical power might be 
considered as a lever of the first kind. 

Fa, I did: and if you imagine the wheel and axle (fig. 22,) 
to be cut through the middle in the direction a by 
fg h (fig. 23,) will represent a section of it: ab ^ 
is a lever, whose centre of motion is c; the 
weight lOy sustained by the rope a Wy is applied 
at the distance ca the radius of the axle; and 
the power py acting in the direction bpy is ap- Fig. 23 , 
plied at the distance cby the radius or spoke of the wheel; 
therefore, according to the principle of the lever, the power 
will balance the weight when it is as much less than the 
weight as the distance c ^ is greater than the distance of 
the weight a c. You cannot but have admired in mills and 
factories, the immense wheel whose revolution puts the 
whole machinery into motion, and which requires one or 
two horses to turn it . sometimes a stream of water effects 
the purpose, as in a water-mill; sometimes the wind, as in 
the windmill; but the greatest power of all is the steam- 
engine, and it is indeed the most efficient and most con- 
venient. We shall have occasion to speak of it more fully 
by and by. 

Ch, Are there not many improvements made in the wheel 
and axle? 

Fa, Yes, there are ; I have observed many neAv machines 
on this construction in the docks and on board ships. These 
improvements, however, can only be made in the execution and 
power of the machinery; as the principles cannot be changed. 

Ch, You told us in the last conversation that the wheel 
and axle gains power in proportion as the circumference of 
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the wheel is greater than that of the axle* Does not the 
thickness of the rope have some influence upon it? 

Fa. If ^he thickness of the rope be considerable, its semi- 
diameter must be added both to the radius of the wheel and to 
the radius of the axle. When the rope begins to cover the 
axle a third time, five times the semi-diameter of the rope 
must be added to the radius of the axle. 

Ch. In that case, if the machine is to be worked always with 
the same velocity, the power must be increased every time 
the rope recedes from the axle? 

Fa. Yes, undoubtedly. 


QUESTIONS FOR EXAMINATION. 


Explain the general principles of the 
lever, and what the circumstancea are 
that will prevent you from forgetting 
the properties of each ? — IIow does the 
principle of momentum apply to the 
lever? — What is the second mechanical 
power, and how docs it gain power? — 
Look to figure 22 and show me how the 
wheel and axle is to be referred to the 
principle of the lever? — To what pur- 
pose is the wheel and axle applied ? — 
Why in deep wells does the bucket ap- 
pear heavier as it approaches the top 
than lower down? — By what means 
is advantage gained? — What is the 


limit to the advantage to be gained ?^ 
Why are spikes fixed into the outer rim 
of these sorts of wheels? — Explain how 
time is lost as power is gained? — 
What machines are to be referred to 
the principle of the wheel and axle ?— ^ 
Explain the principles of those cranes 
in which men walk in order to raise 
and lower weights? — How is the 
action of these cranes explained ? — 
What guard is there to prevent danger 
in these cranes? — How is the wheel 
and axle to be referred to the principle 
of the lever? — Sec fig. 22 and 23. 


CONVERSATION XVIII. 

OF THE PULLEY. 

Father. The third mechanical power is the pulley, which is 
a circular flat piece of wood or metal, termed the box or 
sheave, or the hhek, containing a wheel moveable about an 
axis, -with a string running in a groove round it, by means of 
which a weight may be pulled up. It may be ex- 
plained on the principle of the lever. The line, ab, 
may be conceived to be a lever, whose arms, ac 
and he, are equal, and c the fulcrum, or centre of 
motion. If, now, two equal weights, w and p, be 
hung on the cord passing over the pulley, they will 
balance one anotlier, and the fulcrum will sustain rig. 24. 
both. 
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Ch, This pulley, then, like the common balance, gives no 
advantage. 

Fa. From the single fixed pulley no mechanical^advantage 
is derived; but, nevertheless, it is of great importance in 
changing the direction of a power; and is very much used in 
buildings for drawing up am all weights, by drawing down the 
string; as it is far easier for a man to raise such burdens by 
means of a single pulley than to carry them up a long ladder. 
Pulleys are also used for drawing up curtains, sails of ships, &c. 

Em. Why is it called a mechanical power? 

Fa. Although a single fixed pulley gives no 
advantage, yet, when it is not fixed, or when two 
or more are combined into what is called a system 
or tcuMe of pulleys^ they then possess all the pro- 
perties of the other mechanical powers. Thus, in 
edp^ c is the fulcrum; therefore, a power,/?, acting 
at b, will sustain a double weight, w, acting at a; 
for is double the distance of oc from the 
fulcrum. 

Again, it is evident, in the present case, that the whole 
weight is sustained by the cord ep; and whatever sustains 
half the cord sustains also half the weight; but one half is 
sustained by the fixed hook, e; consequently, the man or 
power at /?, has only the other half to sustain, or, in other 
words, any given power at p will keep in equilibrium a double 
weight at w. 

Ch. Is the velocity of/? double that of w7 

Fa. Undoubtedly. If you compare the space passed 
through by the hand at /?, with that passed through by w, you 
will find that the former is just double of the latter; and, 
therefore, the momenta of the power and weight, as in the 
lever, are equal. 

Ch. I think I see the reason of this: for, if the weight be 
raised an inch, or a foot, both sides of the cord must also be 
raised an inch, or a foot: but this cannot liappen unless that 
part of the cord at p pass through two inches, or two feet, of 
space. 

Fa. You will now easily infer, from what has been already 
shown of the single moveable pulley, that in a system of pvl- 
leys, the power gained must be estimated by doubling the 
number of pulleys in the lower or moveable block: so that. 
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when the fixed block, contains two pulleys which 
only turn on their axes, and the lower block, 5, con- 
tains also two pulleys, which not only turn on their 
axes, but also tub with the weight, the advantage is 
as four: that is, a single pound at je? will sustain four 
at w. 

Ch, In the present instance also I perceive that, 
by raising w an inch, there are four ropes shortened 
each an inch; and therefore the hand must have 
passed through four inches of space in raising the 
weight a single inch; wliich establishes the maxim, 
that “ what is gained in power is lost in space.” 

But, Papa, you have only talked of the power of 
balancing or sustaining the weight. Something more must, 
I presume, be added to raise it. 

Fa, Certainly. Considerable allowance must also be made 
for the friction of the cords, pivots, or axes, on which the 
^ alleys turn. In the mechanical powers generally, one third 
of the power must be added for the loss sustained by friction, 
and for the imperfect manner in which machines are com- 
monly constructed. Thus, if by theory you gain a power of 
600, in •practice you must reckon only upon 400. In the 
pulleys which we have been describing, writers have taken 
notice of three things, which take much from the general 
advantage and convenience of pulleys as a mechanical 
power. The first is, that the diameters of the axes bear a 
great proportion to their own diameters. The second is, that, 
in working, they are apt to rub against one another, or against 
the side of the block. And the third disadvantage is, the 
stiffness of the rope that goes over and under them. 

The first two objections have been, in a great 
degree removed by the concentric pulley, invented 
by Mr. White: 5 is a solid' block of brass, wherein 
grooves are cut, in the proportion of 1, 3, 5, 7, 9, 

&c. ; and a is another block of the same kind, whose 
grooves are in the proportion of 2, 4, 6, 8, 10, 

&c.; and round these grooves a cord is passed; 
by which means they answer the purpose of so 
many distinct puUeys, every point of which, mov- 
ing with the velocity of the cord in contact with 
it* the whole triction is removed to the two centres rig. 27. 
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of motion of the blocks a and b : besides, it is of no small ad- 
vantage, that the pulleys being all of one piece, there is, 
in consequence, no rubbing one against the other. 

JEm, Do you calculate the power gained by this pulley by 
the same method as with the common pulley? 

jFa. Yes; for pulleys of every kind the rule is general: the 
advantage gained is found by doubling the number of the 
pulleys in the lower block; in the pulley before you there are 
six grooves, which answer to as many distinct pulleys, and, 
consequently the power gained is twelve; or, one pound otp, 
will balance twelve pounds at w. 

Various other systems of pulleys have been invented, but 
it wotild not be worth while to incumber your memory with 
them, as they have been found less practicable than those we 
have described. 

Ch, When there is a combination of pulleys, what did you 
say it was denominated. Papa? 

Fa. It is called a Tackle; and the box containing tli3 
pulleys is called a Block. 

Ch. In a combination of separate pulleys, where each lower 
pulley has its own peculiar rope, or string, what must be the 
proportion of the power to the weight? 

Fa. It must be as one is to two, continually doubled as 
many times as there are lower pulleys. You have learned 
that the upper pulley, over wliich the rope runs, only serves 
to alter the direction of the power. What, then, is the power 
it gains by the addition of the lower puUcy? 

Ch. By means of that, the power moves twice as fast as 
the weight; and, therefore, to make an equilibrium^ the 
weight must be double the po^ver. 


QUESTIONS FOR EXAMINATION. 

Can the principle of the pulley be | in a system of pulleys ? — How much is 
referred to that of the lever? See fig. 24. I to be allowed for friction and other im- 
Is any mechanical advantage gained j perfections in the mechanical powers ? 
single fixed pulley f — Why is | — What are the chief defects in the 
it called a mechanical power ? — Ex- ' operation of pulleys ? — Have these or 
plain its action by fig. 25. — In the lever any of them been obviated; and by 
what must be the proportion of the mo- what means? — What is the general 
mentum of the power to that of the rule for calculating the power of pul- 
lever? — How is the power estimated leys? 
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OF THE INCLINED PLANE. 



Fiar. 28 . 


Father, We may now describe the inclined plane^ which is 
the fourth mechanical power. It is merely a slope or declivity 
employed to facilitate the drawing up of great weights. 

Ch, You will not be able, I think, to reduce this also to 
the principle of the lever. 

Fa, No: it is a distinct principle; and some writers on 
these subjects reduce at once the six mechanical powers to 
two; riz., the lever and the inclined plane, 

Em, How do you estimate the advantage gained by this 
mechanical power? 

Fa, The method is very easy; for, just as much as the 
length of the plane exceeds its perpendicular height, so much 
is the advantage gained. Suppose ab n 
plane standing on the table, andcc? another 
plane inclined to it; if the length, cdy be 
three times greater than the perpendicular 
height, the cylinder, e, will be supported , | 
upon the plane, cd, by a weight equal to 
the third part of its own weight. 

Em, Could I, then, draw up a weight on such a plane with 
a third part of the strength that I must exert in lifting it up 
at the end? 

Fa, Certainly you might, making allowance, however, for 
the friction: but then, you must observe that, as in the other 
mechanical powers, you will have three times the space to 
j)aas over ; or, as you gain power you will lose time. 

Ch, Now I understand the reason why, sometimes, there 
are two or three strong planks laid from the street to the 
ground-floor warehouses, forming an inclined plane, on which 
large casks and heavy packages are raised or lowered. 

Fa, The inclined plane is chiefly used for raising heavy 
weights to small heights; for, in warehouses situated in tiic 
upper parts of buildings, cranes and pulleys are better adapted 
for the purpose: it is now, however, beginning to be much 
employed in the construction of roads, especially rail-roads. 

Ch, I have sometimes. Papa, amused myself by observing 
the difference of time wbich one marble has taken to roU down 



78 


MECHANICS. 


a smootli board, and another which has fallen by its own 
gravity without any support. 

Fa, And if it was a long plank, and you took care to let 
both marbles drop from the hand ut the same instant, I dare 
say you found the difference very evident? 

Ch, I did: and now you have enabled me to account for it 
very satisfactorily, by showing me that as much more time is 
spent in raising a body along an inclined plane than in lifting 
it up at the end, as that plane is longer than its perpendicular 
height. For I take it for granted that the rule holds good in 
the descent as well as in the ascent. 

Fa, If you have any doubt remaining, a few words will 
clear it up. Suppose your marbles placed on a plane per- 
fectly horizontal, as this table, they wiU remain at rest 
wherever they are placed; but if you elevate the plane in 
such a manner that its height be equal to half the length of 
the plane, it is evident, from what has been shown before, that 
the marbles will require a force equal to half their weight to 
sustain them in any particular position. Suppose, then, the 
plane perpendicular to the table; the marbles will descend 
with their whole weight; for now the plane contributes in 
no respect to support them; consequently, they would require 
a power equal to their whole weight to keep them from de- 
scending. 

Ch, Is the swiftness, therefore, with which a body falls to 
be estimated by the force mth which it is acted upon? 

Fa, Certainly: for you are now sufficiently acquainted 
with philosophy to know that the effect must be estimated 
from the cause. Suppose an inclined plane thirty-two feet 
long, and its perpendicular height sixteen feet; what time 
will a marble take in falling down the plane, and also in de- 
scending from the top to the earth, by the force of gravity? 

Ch, By the attraction of gravitation, a body falls sixteen 
feet in a second, (see p. 28,) therefore the marble will be one 
second in hilling perpendicularly to the ground; and, as the 
plane is double its height, the marble must take two seconds 
to roll down it. 

Fa, I will try you with another example. If there is a 
plane 64 feet in perpendicular height, and 3 times 64, or 192 
feet long, tell me what time a marble will take in falling to 
the earth by the attraction of gravity, and how long it will be 
in descending down the plane. 
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Ch, By the attraction of gravity it will fall in two seconds^ 
because, by multiplying the sixteen feet which it falls in the 
first second by the square of two seconds, or four, which is 
the time, I get sixty-four, the height of the plane. But the 
plane being three times as long as it is perpendicularly high, 
it must be three times as many seconds in rolling down the 
plane as it was in descending freely by the force of gravity; 
that is, six seconds. 

1 know. Papa, that the whole force with which a weight 
descends in a right line towards the centre of the earth, 
is called the absolute gravity of that weight. What is the 
diminished force called, with which the weight descends on 
an inclined plane? 

Fa, It is called the relative gravity. If, therefore, a plane 
be perpendicular, the relative gravity upon it is equal to the 
absolute gravity; but, if a plane be horizontal, there is no 
relative gravity whatever. 

Em. Pray, Papa, what common instruments are to be re- 
ferred to this mechanical power, in the same way as scissars, 
pincers, &c., are referred to the lever? 

Fa. Chisels, hatchets, and such other sharp instruments as 
are sloped down to an edge on one side only may be referred 
to the principle of the inclined plane. 

QUESTIONS FOE EXAMINATION. 

Do aU writers on mechanical subjects dined plane, than it would in falling 
reckon six mechanical powers ? — How perpendicularly by the force of gravity ? 
are we to estimate the advantage — Explain this more particularly by the 
gained by the inclined plane ? See fig. instance of a marble on horizontal and 
28 . — What power would be necessary inclined planes. — How is the swiftness 
to draw a given weight up such a plane of a falling body to be estimated? — 
as that described in the figure ? — What If a plane is three times as long as it is 
is the re^on that heavy packages high, what will be the proportion (pf the 
drawn up planks from the street to a perpendicularfallof a marble, to its de- 
warehouse instead of being lifted per- scent down the inclined plane ? — What 
pendicularly up ? — Why does a marble instruments are to be referred to this 
take longer in descending an in- mechanical power? 


CONVERSATION XX. 

OF THE WEDGE, 

Father. The next mechanical power is the wedge, which 
is made up of two inclined planes, as def and cef, joined 
together at their bases, hefg: — dc is the whole thickness of 
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the wedge at its back, abcd^ where the 
is applied, and df and cf are the lengths 
sides: now there will be an equilibrium b( 
the power impelling the wedge downward a 
resistance of the wood or other substance 
against its sides, when the thickness, dc^ of the 29. 
wedge is to the length of the two sides, or, which is the same 
thing, when half the width or thickness, of the wedge, 
at Its back, is to the length of df^ one of its sides, as the 
power is to the resistance. 

Ck, This is the principle of the inclined plane. 

Fa, It is: and notwithstanding all the disputes which the 
methods of calculating the advantage gained by the wedge 
have occasioned, I see no reason to depart from the opinion of 
those who consider the wedge as a double inclined plane. 

Em, I have seen people cleaving wood with wedges; but 
they seem to have no effect unless struck sharply, and with 
great force? 

Fa, Certainly, my child; for the power of the attraction of 
cohesion, by which the parts of wood adhere together, is so 
great as to require a considerable momentum to separate them. 
Did you observe nothing else in the operation, worthy of 
your attention? 

Ch, Yes: I also took notice that the wood generally split 
a little below the place which the wedge reached. 

Fa, This happens in cleaving most kinds of wood; and 
then the advantage gained by this mechanical power must be 
in proportion as the length of the sides of the cleft in the 
wood is greater than the length of the whole back of the 
wedge. There are other peculiarities in the action of the 
wedge; but, at present, it is not necessary to refer to them. 

Em, Since you said that all instruments wliich sloped off 
to an edge on one side only were to be explained by the prin- 
ciple of the inclined plane; so, I suppose, those which slope 
to an edge on both sides must be referred to the principle of 
the wedge? 

Fa, They must: many chisels are so made, and almost all 
sorts of axes, nails, pins, needles, awls, &c., are also modifi- 
cations of the wedge, also the teeth of animals. The angle 
of the wedge is also a matter of importance; the softer the 
substance to be divided, the more acute may the wedge be 
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constructed. In tools for cutting wood, the angle is generally 
about 30®; for cutting iron from 50® to 60®; and for brass 
from 80® to 90®. 

C7/. Is the wedge much used as a mechanical power? 

Fo, It is of considerable importance in a great variety of 
cases where the other mechanical powers are of no avail: 
and this arises from the momentum of the blow, which is 
greater, beyond comparison, than the application of any dead 
weight or pressure, such as is employed in the other me- 
chanical powers. Hence it is used in splitting wood, rocks, 
&c. ; and even the largest ship, when in dock, may be raised 
to a small height by driving a wedge under the keel. It is 
also used for raising up the beam of a house, when the floor 
gives way, by reason of too great a burden being laid upon it, 
and for securing scaffolding, fixing door frames, and many 
other purposes in building. It is usual also in separating 
large mill-stones from the sand-rocks, to bore horizontal holes 
under them in a circle, and fill them with i)egs or wedges 
made of dry wood, which, gradually swelling by the moisture 
of the earth, in a day or two lift up the mill-stone without 
breaking it. 

It is on the principle of the wedge that saws are employed. 
A series of wedges are cut in the edge of a thin plate of steel, 
which, by its weiglit, tends perpetually to drive the points of 
these wedges into the substance on which it acts, and by its 
longitudinal motion it presents a fresh surface continually to 
their action. When the teeth are small, the force employed 
is proportionately small: thus saws with large teeth are 
used for soft substances, and those with small teeth for hard 
substances. Most cutting instruments, as scythes, sabres, 
table-knives, &c., act as saws, by the extremely fine rough- 
ness produced on their edges by grinding or other sharpening. 

Ch, Is it on the same principle that stone, glass, and gems, 
&c., arQ cut? 

Fa, Stones are usually sawn by a plain piece of metal 
without teeth; the small angular particles of the substance, 
or of some harder stone, act as little wedges, which are moved 
backward and forward by the action of the blade. In cutting 
granite, emery is used. For glass, emery mixed wdth water is 
dropped on a sharp edged wheel, which is put into rapid 
motion, and for engraving gems, diamond-powder is used, 
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which is made to drop on a slender piece of soft iron revolving 
with great velocity on its axis. 

On the principle of the wedge are constructed files; their 
surfaces are studded with small wedges, which act in the 
same manner as the saw. 

QUESTIONS FOR EXAMINATION. 

Of what is the wedge formed ?— Re- — How is the power of the wedge esti- 
fer to figure 27 and explain the prin- mated?— What instruments are to be 
ciple of this mechanical power.— Is the referred to the wedge ? — To what par- 
principle of the wedge similar to that ticular purposes is the wedge applied? 
of the inclined plane? — Why is great — How are mill-stones separated from 
force necessary in the use of the wedge ? the rocks ? 


CONVERSATION XXL 





Fig. 29. 


OF THE SCREW. 

Father. Let us now examine the pro- 
perties of the sixth and last mechani- 
cal power, the screw ; which, however, 
cannot be called a simple mechanical 
power, as it is never used without the 
assistance of a lever or winch; by means 
of which it becomes a compound engine 
of great power in pressing bodies to- 
gether, or in raising great weights, a h 
is the representation of one, with the lever h. 

Em. You said just now. Papa, that all the mechanical 
powers were reducible either to the lever or to the inclined 
plane. How can the screw be referred to either? 

Fa, The screw is composed of two parts; one of which, 
a ft, is called the screw, and consists of a spiral protuberance, 
called the thready which may be supposed to be coiled round 
a cylinder: the other part, gy called the nuty is perforated to 
the dimensions of the cylinder; and in the internal cavity is 
also a spiral groove adapted to receive the thread. To this 
nut is dso attached the lever, without which the screw is 
never used as a mechanical power. Now, if you cut a slip of 
writing-paper in the form of an inclined plane, cdcy (fig. 29) 
and then wrap it round a cylinder of wood, as a pencil, you 
will find that it makes a spire answering to the spiral part of 
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the screw. Moreover, if you consider the ascent of the screw, 
it will be evident that it is precisely the ascent of an inclined 
plane, but in a spiral direction instead of in a straight line. 

Ch, By what means do you calculate the advantage gained 
bytb* screw? 

Fa, At first sight it is evident that two things are to be 
taken into consideration: the first is, the distance between the 
threads of the screw; the second, the length of the lever. 

Ch, Now I comprehend pretty clearly that it is an inclined 
plane, and that its ascent is more or less easy as the spiral 
threads are nearer or farther distant from each other; so that 
what is saved in power is lost in time. 

Fa, Well, then, I will now, by a question, ascertain 
whether your conceptions be accurate. Suppose two screws, 
the circumferences of whose cylinders are equ^ to one another; 
but in one, the distance of the threads to be an inch apart; 
and that of the threads of the other only one-third of an inch. 
What will be the difference of the advantage gained by one of 
the screws over the other ? 

Ch, The one whose threads are three times nearer than 
those of the other must, I should think, give an advantage 
three times greater. 

Fa, Give me the reason for your assertion. 

Ch, From the principle of the inclined plane, I learn that, 
if the height of two planes were the same, but the length of 
one twice, thrice, or four times greater than that of the other, 
the mechanical advantage gained by the longer plane would be 
two, three, or four times greater than that gained by the 
shorter. So, therefore, in the present case, the height gained 
in both screws is the same, that is, one inch; but the space 
passed in that, of whose threads three go to an inch, must be 
three times as great as the space passed in the other: hence, 
as space is passed, or time lost, just in proportion to the ad- 
vantage gained, I infer that three times more advantage is 
gained by the screw whose tlireads are one-third of an inch 
apart than by that whose threads are only an inch apart. 

Fa, Your inference is just, and naturally follows from an 
accurate knowledge of the principle of the inclined plane. 
But we have said nothing about the lever. 

Ch, This seemed hardly necessary; it being so obvious, to 
any one who will think a moment, that power is gained by 
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tliat, as in levers of the first kind, according to the length gh 
from the nut. 

Fa. Let us now calculate the advantage gained by a 
screw, the threads of which are half an inch distant from one 
another, and the lever seven feet long. 

C%. I think you once told me that if the radius of a circle 
was given, in order to find the circumference, I must multiply 
that radius by 6. 

Fa. I did; for although that is not quite enough for great 
accuracy, yet it will answer aU common purposes, till you are 
a little more expert in the use of decimals. 

Ch. Well, then, the circumference of the circle made by 
the revolution of the lever will be, 7 feet multiplied by 6, 
which is 42 feet, or 504 inches; but, during this revolution, 
the screw is raised only hsdf an inch; therefore the space 
passed by the moving power will be 1008 times greater than 
that gone through by the weight; consequently the advan- 
tage gained is 1008; or, one pound applied to the lever will 
balance 1008 pounds acting against the screw. 

Fa. You perceive that it follows, as a corollary from what 
you have been saying, that there are two methods by which 
you may increase the mechanical advantage of the screw. 

Ch. Without doubt. It may be done cither by taking a 
longer lever, or by diminishing the distance of the threads of 
the screw. 

Fa. Tell me the result, then, supposing the threads of the 
screw to be so fine as to stand at the distance of but one 
quarter of an inch asunder, and the length of the lever to be 
8 feet, instead of 7. 

Ch. The circumference of the circle made by the lever will 
be 8 multiplied by 6, which is equal to 48 feet or 576 inches, 
or 2304 quarter inches; and as the elevation of the screw is 
but one quarter of an inch, the space passed by the power 
will therefore be 2304 times greater than that passed by the 
weight; which is the advantage gained in this instance. 

Fa. A child, therefore, capable of moving the lever suf- 
ficiently to overcome the friction, with the addition of a power 
equal to one pound, will be able to raise 2304 pounds, or 
something more than 20 hundred weight and a half. The 
strength of a powerful man would be able to do 20 or 30 times 
as much more. 
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Ch, But I have seen in paper mills and other manufactories, 
six or eight men use all their strength in turning a screw, in 
order to press out the water from the newly made paper, or 
to reduce packages to a smaller compass. The power ap- 
plied ill those cases must have been very great indeed. 

Fa. It was: but I presume you are aware that it cannot be 
estimated by multiplying the power of one man by the 
number of men employed. 

Ch. That is, because the men standing at unequal distances 
at the lever, have not an equal power upon the screw; for 
although he who stands nearest to the screw may exert the 
same strength as the rest, yet it is by no means so effective 
as if he were placed at the extremity of the lever. 

Fa. The true method, therefore, of calculating the power 
of this machine, aided by the strength of these men, would 
be to estimate accurately the power of each man according to 
his position, and then adding all these separate advantages 
together for the total power gained. 

Em. A machine of this kind is, I believe, used for many 
purposes. 

Fa. Yes, it is found in every book-binder’s work-shop, and 
is particularly useful where persons are desirous of having 
small books reduced to a stiU smaller size for the pocket. It 
is also the principal machine used for coining money, for 
letter-press printing in the common way; for packing, 
stamping, and in cider and wine presses. 

There is no wood so hard that a screw will not penetrate, 
and when once fixed, no power acting in the direction of its 
length can tear it out. 

A magnificent apparatus for coining was invented some 
years since by Mr. Boulton; the whole machinery of which 
is worked by an improved steam-engine; it rolls the copper 
for half-pence, works the screw presses for cutting out the cir- 
cular pieces of copper, and coins both the faces and edges of 
the money at the same time. By this machinery, four boys, 
ten or twelve years old, are capable of striking 30,000 guineas 
in an hour; and the machine itself keeps an unerring account 
of the pieces struck. 

Em. I have also observed that the screw is used for pressing 
cheese, &c. 

Fa. It would, my dear, be an almost endless task to 
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attempt enumerating all the purposes to which the screw is 
applied in the mechanical arts. Suffice it to say that, 
wherever great pressure is required, there the power of the 
screw is a^ost indispensable, for it acts continually with the 
same pressure in the same direction, and without rdeasing its 
hold. 

Ch, Before we close this subject, Papa, will you tell me 
what the Endless Screw is? and what is meant by the 
Archimedes Screw^ by which, we read, some steam vessels are 
propelled? 

Fa. The endless screw is a screw combined with a wheel 
and axle, and in such a way that the thread or worm of the 
screw works into teeth or cogs fixed on the circumference of 
the wheel. If the power be applied to the handle of the 
screw, one revolution will move the wheel the distance of one 
of its cogs. If a weight be attached to the axle of the wheel, 
then there will be equilibrium when the power is to the 
weight, as the distance between the threads multiplied by the 
radius of the axle is to the length of the lever, or handle, 
multiplied by the radius of the wheel. 

The Archimedes Screw is composed of a flexible tube 
round a cylinder in the form of a screw: and if this be placed 
obliquely in water or other fluid, and the screw be turned, the 
body will ascend, because the part of the screw behind it 
becomes more inclined than the part before it, and it is con- 
sequently urged forward and advances up the spiral, wffiere it 
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empties into a vessel or reservoir put to receive it, as you 
may observe in the engraving; and it is on this principle that 
it is used as a propelling power. 

The wedge and the screw you have now found to be not 
simpifi, bu^: compound powers. How is the power of the 
wedge calculated? 

Ck. The power and weight of the wedge, in equilibrio, will 
be to each other as the thickness of the back of the wedge is 
to the perpendicular length of the wedge, measured from the 
dividing edge at the back. 

Fa. Are all compound machines estimated in like manner? 

Yes; for we have only to compute what would be the 
proportion of the velocities of the weight and power, and take 
their forces in reciprocal proportion of those velocities. But, 
Papa, is there never any deviation, in machines generally, 
from the rules here laid down? 

Fa. These rules are demonstrated to be true from the laws 
of motion; but if a machine differ from them (as aU machines 
will do in some degree) the difference must be ascribed to 
friction and the resistance of the medium, or to some irregu- 
laidty in the management of the machine, or some imper- 
fection in the materials. Now friction is the resistance which 
bodies meet with in rubbing against each other; in fact, there 
is no such thing as perfect smoothness in nature. 

C/i. Are not polished metals, Papa, perfectly smooth? 

Fa. Polished metals, though they have that appearance, 
are very far from being perfectly smooth, as you can yourself 
discover by looking at them through a good magnifying glass: 
so that when two bodies come in contact, the minute projecting 
parts of the one fall into the hollows of the other and produce 
more or less friction; and if apparently ever so smooth, this 
friction is usually reckoned to destroy one-third of the power 
of a machine. Friction is considerably diminished by the 
application of oil or other grease to the rubbing surfaces, as 
you may observe in wheels, locks, hinges; for this application 
acts as a kind of polish in filling up the cavities of the rubbing 
surfaces. 

Ck. What surfaces cause the most friction? 

Fa. It has been found that less friction is occasioned by 
the contact of bodies of different substances than of the 
same; as of wood against metal, metal against stone, &c. 
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There are two kinds of friction; one very considerable arising 
from the rubbing or sliding together of two surfaces; and the 
other far less by the rolling of a circular body over another, 
wliich explains the great use of wheels in effecting loco- 
motion. 

Ch, Then, Papa, in descending a steep hill, we fasten one 
of the wheels by a shoe or drag, in order to decrease the ve- 
locity of the carriage, by increasing the friction. 

Fa. Yes; the rolling friction of one of the wheels is 
changed into the dragging friction; and when castors are put 
to the legs of a table the dragging is changed into the rolling 
friction, to facilitate the moving of the table. 


QUESTIONS FOR EXAMINATION. 


Wliat is the sixth mechanical power? 

— Is Uiis a simple mechanical power ? 

— Of what is the screw composed? — 
Show me by the figures the construc- 
tioji of the screw ? — How is the ad- 
vantage gained by the screw calculated? 

— Tell me why power is gained in 
the screw in proportion to the near- 
ness of the threads. — What advantage 
is gained by a screw, the threads of 
which are a quarter of an inch apart, 
and the lever used, six feet long ? — By 


what methods can you increase the me- 
chanical advantage of the screw? — 
Is the power gained by this mechanical 
power very great? — When several men 
are employed in turning a screw, how 
is the power to be estimated ? — Is the 
principle of the screw of general use ? — 
Do you recollect what operations Mr. 
Boulton’s coining-apparatus performs ? 
— ^Howmany guineas can four boys coin 
in an hour? 


CONVERSATION XXII. 

OF THE PENDULUM. 

Charles. My dear Papa, after we left you last night, we 
fancied we had been but a very little time engaged listening 
to your explanation of that interesting subject, the power of 
the screw, so that, on looking at the clock to observe the time, 
our attention was attracted to the Pendulum^ which we do 
not remember you to have explained. Is it a mechanical 
power? 

Fa. The Pendulum, though not a mechanical power, is of 
great importance in measuring time; and we may describe it 
as a heavy body, hanging by a line or rod, which is moveable 
about a centre; and the body thus suspended being put in 
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motion describes an arc, in one half of 
whicb it descends, and ascends in the jf 

other, pc is a pendulum, consisting of the \ 

ball, p, attached to the thread, pc, which \ 

is fa'^tened to the point, c, and is move- \ 

able round it. If the baU, p, were let free \ 

it would fall in the vertical line, p but \ 

being retained it falls through the arc pa : c 
and at a it has acquired a velocity that | — ^ 

would carry it along a d, but being pre- ^ V 

vented from going along a dhj the string Fig. 31 . 

which draws it to the centre, it describes 
the curve a e. Having arrived at c, it will fall back again 
to a, and go on with its acquired velocity to p, and so on con- 
tinually backwards and forwards. Each swing that it makes 
is called a vibration, or oscillation. The vibrations of the 
same pendulum, whether small or great, are performed in 
nearly equal times. 

Ch, How long a time does the pendulum occupy in making 
these vibrations ? 


Fa, The longer the pendulum is, the slower are its vibra- 
tions, and the contrary. A pendulum to vibrate seconds in 
our latitude should be 39.13 inches long: if it was required to 
make one to vibrate ^ seconds, it would be only the fourth 

39.13 

part of the length of that which vibrates seconds; viz. — ^ — 


— 9.78; and one to vibrate only once in two seconds would 
be four times the length of that which vibrates seconds, 
namely 39.13 x 4 == 157.52 inches. 

Pendulums of the same length vibrate slower the nearer 
they are brought to the equator, because gravity, on which 
the vibrations depend, is less at the equator than it is nearer 
the poles. A pendulum that is 4o vibrate seconds at the 
equator must be somewhat shorter than it is in this lati- 
tude, which, again, is longer than one would be at the 
poles. 

Ch. If a pendulum were to hang perpendicularly it would, 
by the attraction of gravitation, remain at rest like a plumb- 
line, unless put in motion by some external force; would it 
not, Papa? 
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Fa. It would: but if you raise it up, gravity would bring 
it back to its perpendicular position, and instead of remaining 
there, the velocity it has acquired during its descent wiU 
impel it onward, so that from being confined at the centre it 
wiU rise on the opposite side to an equal height: here, again, 
gravity brings it back, and its velocity carrying it onwards 
as before, so it vibrates continually. 

CA. Then, I suppose, this is what may be called Perpetual 
motion? 

Fa. No; it is not perpetual because of the resistance of 
the air in which it vibrates, and likewise of the friction at the 
end attached, or, we may say, at its centre. If you could re- 
move these interruptions, we should perhaps have perpetual 
motion, for the vibrations perform equal distances in equal 
times, whence these vibrations have been called isochronous^ 

performed in equal terms;” from two Greek words isos 
(icroc) equal,” and chronos (xpovoi;) “ time.” 

Ch. How was this peculiar property discovered, and by 
whom? 

Fa. This property was discovered by the celebrated Galileo, 
the improver of the telescope, and the philosopher who found 
out the Satellites of Jupiter; he has, in fact, done more than 
any of his contemporaries in extending the bounds of science 
and making it available to the popular mind. In respect of 
the Pendulum, it seems he was one evening attending the 
church at Pisa, and after the large chandelier was lighted up, 
it was left swinging; his attention was directed to it; and ob- 
serving carefully that the vibrations were performed in equal 
times, he made, afterwards, experiments on other vibrating 
bodies, and eventually established the truth of his observa- 
tions, and introduced the pendulum as a means of regulating 
an instrument for the measurement of time. You, yourself, 
can ascertain the truth of this law by counting the oscilla- 
tions of a vibrating body; and you will find that, whether the 
pendulum is vibrating in an arc of four or five degrees, or 
even a fraction of a degree, an even time is required to 
perform the vibration. 

Ch. 1 suppose, Papa, this amount of time is completely 
dependent on the weight attached to the wire? 

Fa, By no means; neither the weight of the ball, nor the 
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substance of which it is made, nor even the shape in which it 
is formt^d, except so far as regards the resistance of the air, has 
anything to do with it, and I will proTe it to you. Take two 
balls of different sizes, and substances, but the wires must be 
of equal length, and let them vibrate together: you will find 
that the time occupied in the vibration of each is the same. 
Gravity in its action upon a pendulum causes it to oscillate 
and exeii: its influence upon each particle of the matter com- 
posing the ball; so that but one particle suspended at the end 
of a thread would oscillate with the same velocity as any 
number of particles combined together in one body. I will 
now add, in respect of the time, that the time of the oscilla- 
tions is as the square root of the length of the pendulum. 

Ch, If that is the case, I suppose, were I to take three 
pendulums, whose lengths are as one, four, and nine respec- 
tively, the time required for the oscillation of the second will 
be twice as long as that of the first, and the time of the oscil- 
lations of the third will be three times that of the first, be- 
cause 1 2 3 are the square roots of 1 4 9, respectively. 

Fa. You are perfectly correct; and since the oscillations 
of a pendulum vary with its length, a certain length is re- 
quired that it may beat seconds, that is, vibrate 60 seconds in 
a minute. 

Ch. Then, I suppose, if our clock gets too fast or too slow, 
it must be regulated by lengthening or shortening the pen- 
dulum; just as, to make a pendulum which beats seconds at 
the pole of the earth, an alteration must be made in its length 
to make it beat seconds at the equator. 

Fa. You are quite correct; but still there is another 
thing which has a considerable effect on the oscillation of the 
pendulum, which we must not pass unnoticed; and that is the 
increase or decrease of temperature. You know that a bar of 
metal which will pass easily when cold through an opening 
fitted to receive it, will not do so when heated red hot, be- 
cause of the expansive power of heat ; for a similar reason, 
the pendulum which beats seconds in a cold climate, would 
cease to do so when removed into a hotter temperature, for its 
length would be increased. This is remedied by making the 
pendulum of such material as will not be appreciably affected 
by change of temperature; a wooden rod, if preserved from the 
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moisture of the air, has been found highly serviceable in this 
respect; but the most ingenious contrivance, for which we 
are indebted to Mr. John Harrison, is the gridiron pendulum, 
composed of bars of different metals, so ar- 
ranged as to correct each other’s expansion; so 
thus, let G be the ball of a pendulum, and s the j 

point of suspension, a b c n is a steel frame, ^ -l ^ 

to which is attached the rod s f; and abed is ^ ^ 

a frame of some other metal, and is attached to 
the rod c d, at the points c d. At T, the rod 
T G is suspended, passing freely through an 
aperture at h. Now, if the temperature be 
raised, the frame, a b c d, will dilate down- 
wards, that is, c D will be carried further from c\ l r> 

the point s ; and if the mass of the pendulum ^ ^ ^ 

be thus brought downwards, it will no longer 
beat seconds. But the frame ab cd is also ex- 
panded, and the expansion is upwards; so that 
while c D is lowered, a b will be raised. Now, 
if we suppose a ^ to be raised as much as c d 
is lowered, the distance of a 6 from s will re- y. ’ 
main unchanged. But the increase of tem- 
perature which expands the other part of the instrument, 
expands the rod t g, and therefore the distance between g 
and T is preserved. Now looking at the instrument gene- 
rally, we observe that sf, ac, tg, when expanded by a rise of 
temperature, would tend to increase the distance between s 
and G; that is, the point of suspension and the bob. To pre- 
vent this, we must make the frame cabd of such a metal, 
that its expansion upwards may exactly neutralize the com- 
bined downward expansions, and thus the distance between s 
and G will be preserved. 

C/i. You said, Papa, that the length of a pendulum in the 
latitude of London to beat seconds should be little more than 


thirty-nine inches; would this do for Paris? 

Fa, No: I will furnish you with an admirable table from 
Mr. Airy’s treatise on the figure of the earth in the Encyclo- 
pedia Metropolitana, which gives the length in English inches 
of the pendulum to beat seconds in the most important lati- 
tudes. 
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Place, 

Latitude, 

Leng^ of 
Pendulum, 

Observers. 

Spitzbergen 

79° 

-60 N. 

INCHES. 

89*21469 

Sabine. 

Unst 

60 

- 46 

89*17162 

Biot and Kater. 

Leith Fort 

5r> 

-69 

39-16546 

Ditto. 

London 

51 

-81 

39*18929 

Kater. 

Paris 

48 

- 60 

89-12861 

Borda, Biot and Sabine. 

Bordeaux 

44 

- 60 

89*11296 

Biot. 

New York 

40 

- 48 

89*10120 

Sabine. 

Sandwich Ides. 

20 

- 52 

39*04690 

Freycinet. 

Trinidad 

10 

- 39 

39*01888 

Sabine. 

Bahia 

12 

- 69 S. 

39-02433 

Ditto. 

Isle of France 

20 

- 10 

89*04684 

Freycinet and Duperry. 

Gape of Good Hope. . . 

35 

65 

39*07800 

Ditto and Fallows. 


We will now conclude this topic with a succinct account of 
the laws of pendulums: — 1. The times of vibration of the 
same pendulum in small arcs are all equal. 2. The velocity of 
the bjJl or weight in the lowest point will be as the length of 
the chord of the arc which it describes in its descent. 8. The 
times of vibrations of diiferent pendulums in small arcs, are 
proportional to the square roots of their respective lengths. 
4. The lengths of pendulums arc as the squares of the times 
of vibration. 5, In the latitude of London, a simple pendu- 
lum, that is, a fine thread with a small ball at the end, must 
be 39 inches and a fifth long to vibrate once in a second in a 
small arc. 


QUESTIONS FOR EXAMINATION. 


What is a pendulum ? — What is the 
length of a pendulum to vibrate se- 
conds in our latitude? — Do they vi- 
brate in the same time at the equator? 
— What is the cause of the oscillation? 
— Docs the pendulum observe a per- 
petual motion?— -How and by whom 
was this peculiar property of the pen- 
dulum discovered? — Prove that it is 
not the weight of the ball that affects 


the time of the vibration ? — How docs 
gravity operate upon the pendulum ? — 
How do the oscillations vary? — How 
is a clock regulated? — Does variation 
of temperature affect the pendulum? — 
How may this be remedied ? — What is 
the gridiron pendulum? — By whom 
was it invented? — What are the five 
chief laws of pendulums ? 
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SOME OF THE LEADING DEFINITIONS IN MECHANICS WHICH IT 
IS RECOMMENDED THAT THE PUPILS SHOULD COMMIT TO 
MEMORY 

MATTER. 

1. The properties of matter are impenetrability, divisibility, mobility, and 
inertia. 

2. All bodies seem to possess the properties of attraction. 

3. Impenetrability is the property % which two bodies cannot occupy the 
same part of space at the same time. 

4. Divisibility is that property by which matter is capable of being divided. 

5. Mobility is that property of matter by which it is capable of being moved. 

6. Inertia is the tendency which matter has to continue in the state into 
which it is put whether of rest or motion- 

7. Space is either absolute or relative. 

8. Absolute space has no limits ; and is itself immoveable. 

9. Relative space is that part of absolute space which is occupied by any body. 

10. Motion is either absedute or relative. 

11. Absolute motion is the motion that bodies have independently of each 
other, and only with regard to the parts of space. 

12. Relative motion is the degree and direction of the motion of any body, 
when compared with that of another. 

18. Accelerated motion is that in which the velocity of the motion continn- 
ally increases. 

14. Retarded motion is when the velocity continually decreases. 

16. The velocity of uniform motion is estimated by the space moved over in 
a certain time. 

16. The velocity of a body is ascertained by dividing the space by the time. 

17. The space is estimated by the time multiplied into the velocity. 

18. In accelerated motion, the space passed over is in proportion to the square 
of the time. 

19. A body acted upun by one force moves in a straight line. 

20. A body acted upon by one uniform force, and also by another accelerat- 
ing force in a different direction, will describe a curve. 

21. The momentum of a body is the force with which it moves, and is esti- 
mated by the quantity of matter multiplied into its velocity. 

22. The attraction of cohesion acts at only very small distances. 

23. The attraction of gravitation is that which masses of matter exert on each 
other at all distances. 

24. Gravitation decreases from the surface of the earth as the squares of the 
distances. 

26. The centrifugal force is the tendency which bodies that revolve round a 
centre have to fly off from it in a tangent to the curve they move in. 

26. The centripetal force is that which prevents their flying off, by impelling 
them towards a centre ; such is the attraction of gravitation. 

27. The centre of gravity is that point in which the weight of a body is sup- 
posed to be collected. 

28. A line drawn from the centre of gravity perpendicular to the horizon, is 
called the line of direction. 

29. When the line of direction falls within the base of any body, that body 
wdll stand ; but when it falls without the base, the body will fall. 

30. There are three kinds of levers: the first is when the fulcrum is between 
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the power and the weight: the tecond is when the fulcrum is at one end of the 
lever, th( power at the other, and the weight between them; the third is when 
the fhlcnim is at one end, the weight at the other, and the power between them. 

31. In all kinds of levers, the power is to the weight, as the distance of the 
weight from the fhlcrum is to that of the power fhnn the fulcrum. 

32. A hammer is a bent lever, and differs only in form from a lever of the 
first Idnl. 

33. A balance is a lever of the first kind with equal arms. 

34. The steel-yard is likewise a lever of the first kind with, a moveable weight. 

35. In the wheel and axle, to obtain an equilibrium, the power must be 
to the weight, as the circumference of the wheel is to the circumference of the 
axle, or as the diameter of the wheel is to the diameter of the axle. 

36. Pulleys are of two kinds, fixed and moveable. 

37. In the fixed pulley, when the power and the weight are equal, there is no 
mechanical advantage obtained. 

38. In the moveable pulley, there will be an equilibrium if the power is equal 
to half the weight only. 

39. In the inclined plane there will be an equilibrium when the power is to 
the weight as the height of the plane is to the length. 

40. In the wedge, the power will be to the weight as half the thickness of the 
wedge on the back is to the length of one of the sides. 

41. The screw is always used with a lever ; and the power is to the weight as 
the distance from one thread or spiral to another, is to the circumference of 
the circle described by the power. 
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FIRST CONVERSATION. 

OF THE FIXED STABS. 


FATHER CHARLES JAMES, 

Charles, The delay occasioned by our unusually ’ong* • aik 
has afforded us one of the most brilliant views of iiir, lira vf' ns 
I ever witnessed. What a delightful study must Astronomy 
be! What does Astronomy mean, Papa? 

Fa, The word implies that science whicJi jA^^jIains 
the motions of the heavenly bodies, and the laws by Avhieli 
they are governed; it is derived trom two Greek words asfe'^ 
(acFTYjp) “a star,” and nomos (vofjio) a law:” and it is my 
design to explain this wonderful study to you in our ensuing 
conversations, and I trust it will lead you to admirer tie 
wisdom and omnipotence of the Almighty , and to be ever 
ready to acknowledge His power and goodness in all that you 
survey. 

Ja, Oh! thank you, Pnpa, I shall Tclighted with Hie 
study, I am sure. How uncommonly eiear it is to-night, ioul 
the longer I keep my eyes fi^^ed the stars, the moi-e i -e 
seem to me to appear. Is it r '«sible to count thesv stars. 
Papa? I have heard that they are numbered, and e^e^" u- 
ranged in catalogues according to their apparent magnitudec. 
Pray explain to us how this was done. 

Fa, 1 will with great pleasure by and ; but at presf'ut, 
I must tell you that in viewing the heavens with the naked 
eye, we ai'e very much deceived as to the supposed number 
of stars that are at any time visible. It i3 generally admitted, 
and on good authority, that, without the aid of glasses, -^here 



OF THE FIXED STABS. 97 

are ne^er more than a few thousand stars visible at any one 
time and place. 

Ja. What^ Papa! can I see no more than a few thousand 
stars, if I look all round the heavens ? 1 should have thought 
there had been millions. 

Fa, The number 1 have mentioned is, according to Dr. 
Herschel, the limit of what you can at one time behold: 
BXid that which leads you and others to conjecture that the 
number is so much larger, is owing to an optical deception. 

Ja, What is meant by the term optical ? 

Fa. The term optical is an adjective, derived from the 
Greek word opsis (o\f/tf) “ sight,” or optomai (^owTOfjiai) I 
see;” hence we have the term Optics, the science of vision. 

Ja. Are we liable to be frequently deceived by our senses? 

Fa. We are, if we depend on them singly; but where we 
have an opportunity of calling in the assistance of one sense 
to the aid of another, we are seldom subject to this incon- 
venience. 

Ck. Do you not know that if you place a small marble in 
the palm ot the left hand, and then cross the second finger of 
the right hand over the first, and in that position, with your 
eyes shut, move the marble with the tips of the two fingers 
thus crossed, the one marble will appear to the touch as two? 
In this instance, without the assistance of our eyes, we should 
be deceived by the sense of feeling. 

Fa. Exactly so, and this shows that the judgment formed 
by means of a single sense is not always to be depended upon: 
yet this has nothing to do with the false judgment which we 
are said to foim in respect of the number of the stars; but it 
may be useful in affording us a lesson of modesty, and in- 
structing as that we ought not to close our minds against any 
fresh evidence offered on any subject, although that evidence 
may seem contradictory to the opinions we may have already 
formed. But to proceed with our subject; you say that you 
see millions of stars, although the ablest astronomers assert that, 
with the naked eye, you can at one time see but a few thousands. 

Ch. I also, Papa, should have thought as my brother does, 
had you not asserted the contrary; and I am anxious to know 
how the deception happens; for I am sure there must be 
great deception somewhere if I do not at this time behold 
very many thousands of stars in the heavens. 
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ASTRONOMY. 

FIRST CONVERSATION. 

OF THE FIXED STAPS. 


FATHER CHARLES JAMES, 

Charles. The delay occasioned by our unus<ially iiik 

has afforded us one (ff the most brilliant views cf Ihc iif'a . eiis 
I ever witnessed. What a delightful study must Astronomy 
be! What does Astronomy mean, Papa? 

Fa, The word^ 6 *^rowoW;y implies that science wdiicli Inins 
the motions of the heavenly bodies, and the laws by wln'c.l) 
they are governed: it is derived Irom two Greek words nsfe'^ 
(aern^p) “a Star,” and nomos (vofxo) “a law:” and it is my 
design to explain this wonderful study to you in our ensuing 
conversations, and I trust it will lead you to admire the 
wisdom and omnipotence of the Almight’ , and to be ever 
ready to acknowledge TIis power and goodness in alii hat you 
survey. 

Ja, Oh! thank you, Papa, I shall lelighted with rhe 
study, I am sure. How uncommonly ciear it is to-uigiit, oixl 
the longer I keep my eyes fi?xd Oxi the stars, ihc more i ’v 
seem to me to appear. Is it v sible to count thesv stars^ 
Papa? I have heard that they are numbered, and e\ (‘’' r 
ranged in catalogues according to their a/paren^^ magnitudec. 
Pray explain to us how this was done. 

Fa. I will with great pleasure by aiid ; but at pres^^ut, 
I must tell you that in viewing the heavens with the iiaked 
eye, we are very much deceived as to the suppt.'sed number 
of stars that are at any time visible. It 33 generally admitted, 
and on good authority, that, without the aid of glasses, ^here 
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are never more than a few thousand stars visible at any one 
time and place. 

Ja. What, Papa! can I see no more than a few thousand 
stars, if I look all round the heavens ? I should have thought 
there bad been millions. 

Fa, The number I have mentioned is, according to Dr. 
Herschel, the limit of what you can at one time behold: 
and that which leads you and others to conjecture that the 
number is so much larger, is owing to an optical deception. 

Ja, What is meant by the term optical ? 

Fa. The term optical is an adjective, derived from the 
Greek word opsis (o\I/iq) ‘‘ sight,” or optomai (oirro/iat) “ I 
see;” hence we have the term Optics, the science of vision. 

Ja, Are we liable to be frequently deceived by our senses? 

Fa, We are, if we depend on them singly ; but where we 
have an opportunity of calling in the assistance of one sense 
to the aid of another, we are seldom subject to this incon- 
venience. 

Ch. Do you not know that if you place a small marble in 
the palm oi the left hand, and then cross the second finger of 
the right hand over the first, and in that position, with your 
eyes shut, mov3 the marble with the tips of the two fingers 
thus crossed, the one marble will appear to the touch as two? 
In this instance, without the assistance of our eyes, we should 
be deceived by the sense of feeling. 

Fa. Exactly so, and this shows that the judgment formed 
by means of a single sense is not always to be depended upon: 
yet this has nothing to do with the false judgment which we 
are said to form in respect of the number of the stars; but it 
may be useful in affording us a lesson of modesty, and in- 
structing us that we ought not to close our minds against any 
fresh evidence offered on any subject, although that evidence 
may seem contradictory to the opinions we may have already 
formed. But to proceed with our subject; you say that you 
see millions of stars, although the ablest astronomers assert that, 
with the naked eye, you can at one time see but a few thousands. 

Ch, I also, Papa, should have thought as my brother does, 
had you not asserted the contrary; and I am anxious to know 
how the deception happens; for I am sure there must be 
great deception somewhere if I do not at this time behold 
very many thousands of stars in the heavens. 
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Fa. You know that we see objects only by means of the 
rays of light which proceed from them in every direction. 
And you must, for the present, be satisfied when I tell you 
that the distance of the fixed stars from us is immensely great: 
consequently, the rays of light have to travel this distance, in 
the course of which, espechdiy in their passage through our 
atmosphere, they are subject to numberless reactions and 
re/ractions. By means of these, various rays of light come 
to the'eye; every one of which, perhaps, impresses upon the 
mind the idea of so many separate stars. Hence arises that 
optical fallacy by which we are led to believe that the stars 
which we behold are innumerable. 

Ja. What is the meaning of the terms reflected and 
refracted? 

Fa. The word reflected is derived from the Latin reflectOy 
“I bend back;” hence to bend the mind back upon itself: 
reflection of the rays of light, is a motion of the rays, by 
which, after striking on a body, such as a mirror, they are 
driven back. Refracted is derived from the Latin word re- 
fringOy refractuMy “ to break.” Refraction of the rays of 
light is a deviation of the rays from the direct course, upon 
falling obliquely out of one medium into another of a different 
density. The term refraction applies to the distortion which 
is occasioned in the appearance of an object, viewed in parts 
only, by refracted light; thus an oar partially immersed in 
water appears bent, on account of the refraction of light. 

Ja. Can you confirm your explanation of our deception 
by experiment ? 

Fa. You shall be gratified. In every case you ought to 
require the best evidence that the subject will admit of — 

To ask or search I blame thee not: for hearen 
Is as the book of God before thee set. 

Wherein to read his wondrous works, and learn 

Bjs seasons, hours, or da^s, or months, or years. — ^Milton. 

I will show you two experiments which will greatly help to 
remove the ifficulty. 

Here are two common looking glasses, which, pbilosophi- 
ca]l 3 r speaking, are fllan^ mirrors. I place them in such a 
manner on the table, that they support one another from falling 
by meeting at the top. 1 now place this half-crown between 
them, on a book, to raise it a lit^e above the table. T^ me 
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how TYiany pieces of money yon would suppose there were, if 
you did not know that I had used but one. 

Ja. There are several in the glasses. 

Fa, I will now alter the position of the glasses a little, by 
maki ig them almost parallel to each other. Now look into 
them, and tell me what you sec. 

Ja, There are more half-crowns now than there were before. 

Fa, It is evident, then, that by reflection only, a single 
object (for I have made use of but one half-crown) will 
appear to you to be very many. 

Ch, If a little contrivance had been used to conceal the 
method of making the experiment, I should not have believed 
but that there had been several half-crowns instead of one. 

Fa, Bring me your multiplying glass. Look through it at 
the candle. How many do you see? or, rather, how many 
candles should you suppose there were, did you not know that 
there was but one on the table? 

Ja, A great many: and a pretty sight it is. 

Ch, Let me see! yes, there are very many, but I can easily 
count them* There are sixteen. 

Fa, There will be just as many images of the candle, or 
any other object at which you look, as there are different. sur- 
faces on your glass. For, by the principle of refraction^ the 
image of the candle is seen in as many different places as the 
glass has surfaces: consequently, if, instead of 16 there had 
been 60, or, if they could have been cut and polished so small, 
as to be 600, then the single candle would have given you the 
appearance of 60 or 600. What think you now about the stars? 

Ja, Since I have seen that reflection and refraction will 
each, individually, afford such optical deceptions, I can no 
longer doubt but that, if both these causes are combined as 
you say they are with respect to the rays of light coming 
from the fixed stars, a thousand real luminaries may have the 
power of exciting in my mind the idea of millions. 

Fa, I will mention another experiment, for which you 
may be prepared against the next starlight night. G«t a long 
narrow tube, the longer and narrower the better, provided its 
weight does not render it unmanageable; and tlirough it ex- 
amine any one of the largest fixed stars, which are c^ed stars 
of first magnitude; and you will find that, though the 
tube t^es in as much sky as would contain many such stars, 

H 2 
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jet that the single one at ^hich you are looking is , scarcelj 
Tisible, by the few rays which come directly from it. This 
is another proot that the brilliancy of the heavens is much 
more owing to reflected and refracted light than to the direct 
rays proceeding irom the stars. 


QUESTIONS FOB EXAMINATION. 


What is the meaning of the term as- 
tronomy ?— How many stars are there 
anppoeed to be visible at one time, and 
at one place ? — ^As the number appeara 
to be much greater than 1000. what is 
the cause of the deception ? — How do 
you illustrate this? — By what experi- 
ment? — And what is meant by the 
term optical ? — How are objects seen ? 
— • And to what are the rays of light 
subject in their passage from the 
fixed stars to the earth? — By what 


means can a single object be made to 
appear like many ? — In looking through 
a multiplying glass at a single otjecti 
how many images of that object will 
be seen? — What other experiment 
is there to prove that the brilliancy 
of the heavens is chiefly owing to 
reflected and refracted light ? — MTiat 
is the meaning of the word refleoMf 
— What, of refracted t and whence are 
these terms derived ? 


CONVERSATION U. 

OF THE FIXED STABS — continued, 

Charles, Another beautiful evening presents itself. Shall 
we take the advantage which it offers us of going on with 
our astronomical lecture? 

Fa, Willingly: for we do not always enjoy such oppor- 
tunities as the brightness of the present evening affords. 

Ja, I wish very much to know how to distinguish the stars, 
and to be able to call them by their proper names. 

Fa. This you may very soon learn to do. A few evenings, 
•well employed in this pursuit, will enable you to distinguish 
all the stars of the first magnitude which are visible, as well 
os the relative positions of the different constellations. 

Ch. What do you mean by stars of the first magnitude? 

Fa, The stars have been divided by astronomers into 
various classes, according to their brilliancy, which are called 
Magnitudes. The brightest stars are said to be of the first 
magnitude; the next decisive difference gives name to stars 
of the second magnitude; and so on, down to the sixth or 
seventh, which comprises the smallest stars visible to the naked 
eye. Telescopes, however, continue the series down to the 
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sixteenth magnitude; and by and by, perhaps, we may have 
instruments of superior power that will bring stars ^yond 
the sixteenth magnitude within the range of our observation. 

Ja. What are constellations, Papa? 

Fa, The ancients, in order that they might the better dis- 
tingiiish and describe the stars, with regard to their situation 
in the heavens, divided them into constellations; that is, 
groups of stars; each group consisting of such stars as were 
near to each other; giving them names, derived from their 
mythology, of such men, animals, or things, as they fancied 
the space tiiat they occupied in the heavens represented. The 
word constellation is derived from the Latin cow, “ together,” 
and Stella^ a star.” 

Ch. Is it, then, perfectly arbitrary, that one collection is 
called the Great Bear^ another the Dragon^ a third, Hercules^ 
and so on? 

Fa, It is: and though there have been additions to the num- 
ber of stars in each constellation, and various new constellations 
discovered by modern astronomers, yet the original division 
of the stars into these collections was one of those few ar- 
bitrary inventions which has descended without alteration, 
otherwise than by addition, from the days of Hipparchus and 
Ptolemy down to the present time. 

Before we proceed further I must now ask you, if you 
know how to find the four points of the compass, or, as they 
are usually called, the four cardinal points — viz., the North, 
South, West, and East? 

Ja, Yes; I know, that if I look at the sun at noon, I am 
looking to the South, which is his position at that time. My 
back is then towards the North; the West is on my right 
hand, and the East on my left. 

Fa, But you must learn to find these points without the 
assistance of the sun, if you wish to be an astronomer. 

Ch, I have often heard of the North Polar Star, That will, 
perhaps, answer the purpose of the sun, when he has left us. 

Fa, Certainly. Do you see those seven stars whiph are in 
the constellation of the Great Bearf Some people have 
supposed their position represents a plough ; others say, that 
they are more like a Wagon and Horses ; the four stars re- 
presenting the body of the wagon, and the other three the 
iiorses; and hence they ars called by some the Plough, and 
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by others, Charles’s wain or wagon. Here is a drawing of it 
(fig. 1); add^ represent the four stars forming the outline of 
the wagon, and ezB the three designating the horses. 

CA, What is the star f beyond this constellation? 

JFht, That represents the polar star, to which you just now 
alluded; and you observe, that if a line were drawn through 
the stars 6 and a, and produced enough, it would nearly 
touch it. 

Jia. Let me see if I can point it out to you, Papa, in the 
heavens. There it is, I think. It shines with a ste^y and 
rather dead kind of light; but it appears to me to be a little 
to the right of the line passing through the stars a and 6, 

Fa, It would: and these stars are generally known by 
the name of the pointers, because they point to the North 
Pole, p, which is situated a little more than two degrees from 
the Polar star p. 

Ch, Is that star always in the same part of the heavens? 

Fa, It may be considered as uniformly maintaining its po- 
sition, while the other stars seem to move round it as a centre. 
We shall have occasion to refer to this star again. At pre- 
sent, I have only directed your attention to it, as the proper 
method of finding the points of the compass or cardinal points 
by starlight. 

Ja, Yes: I understand now, that if, by standing with my 
face to that star, I look to the North, the South is then at my 
back; on my right is the East, and on my left the West. 

Fa, This is one important step in our astronomical studies: 
but we shrill find that we can also make use of these stars as 
a kind of standard, in order to discover the names and 
positions of others in the heavens. 

Ch, In what way must we proceed? 

Fa, I will give you an example or two. Imagine a line 
drawn from the star z, leaving b a little to the left, and 
it will pass through that very brilliant star near the horizon 
towards the west. 

Ja, I see the star. But how am I to know its name? ' 

Fd, Look on the celestial globe for the star z, and suppose 
the line drawn on the globe as we imagined it done in the 
heavens, and you will find the star and its name. 

Ch, Here it is. Its name is Arcturus. 

Fa, Look at your diagram, and place Arcturus at a, whioL is 
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its relative position, in respect to the constellation 
of the Great Bear. Now, if you imagine a 
line drawn through the stars g and and ex- 
tended a considerable way to the right, it will B ajj? 
pass ; ust above another very brilliant star. Ex- 
amine the globe as before, and find its name. J ^ ^ 

Ch. It is Capelltty the Goat ^Fig i 

Fa, Now, whenever you see any of these stars, 
you will know where to look for the others, without hesitation* 
Ja, But do they never move from their places? 

Fa, With respect to the whole heavens, they seem to 
move round the polar star; but they always remain in the 
same apparient relative position with respect to each other. 
Hence they are called stars, in opposition to the planets, 
which, like our earth, are continually changing their places, 
both with regard to the fixed stars and to themselves also; 
but I must add that the term Jixed is to be understood in a 
comparcUive, not absolute sense; for many of the stars are in 
a certain state of motion, though too slow to be perceptible 
without the most delicate and continued observations. 

Ch, I think I now understand pretty well the method of 
acquiring a knowledge of the names and places of the stars. 
Fa, With this, then, we will close our present conversation. 


QUESTIONS FOE EXAMINATION. 


What method did the ancient astro- 
nomers resort to in order that they 
might the better distinguish the stars ? — 
By whom were the stars divided into con- 
steUations ? — And for what purpose was 
this done ? — How do you find the four 
eardinal points. East, West, North, and 
South, either by day or by night ? — 
What are the two stars called, through 
which, if a line were 'drawn and ex- 
tended far enough, it would nearly 
touch the Polar star ? — Is the Polar 
star always in the same part of the 
heavens? — I'o what other purpose, 
besides that of finding the cardinal 
points, is the Polar star, and those near 
it, useful? — How would you by your- 
>blf be able to find out the name of any 
particular star in the heavens? — Do 
the fixed stars always keep their rela- 
tive idaees in the heavens ? — What is 


the difference between the fixed staff 
and the planets ? 

Obs. Although the fixed stars keep 
their relative places with respect to each 
other, yet they change their situations 
much with respect to us ; some rising, 
others setting ; some going over head, 
others just appearing in the horison, 
and then disappearing. Some stars 
neither rise nor set, but seem to turn 
round one immovable point, near which 
is placed the Po/ar star above men- 
tioned. The division of the stars into 
groups or constellati<nis is quite arbi- 
trary; but the system has ever been 
acknowledged, and used even by modem 
astremomers. The first person who 
numbered the stars, and reduced them 
to order, was Hipparchus, a native 
of Rhodes, about 120 years b.c. 



104 


ASTRONOMY. 


CONVERSATION m. 

OF THE FIXED STARS, AND THE ECLIPTIC. 

Faiher. I liave no doubt that you will have very little diffi- 
culty in discovering the north polar star as soon as we go into 
the open air. 

Ja, I shall at once know where to look for that and the 
sther stars which you pointed out last night, if they have not 
changed their places. 

Fa. They always keep the same position, with respect to 
each other, though their situation, with regard to the heavens, 
will be different at different seasons of the year, and in dif- 
ferent hours of the night. Let us go out and see. 

Ch. The stars are dl in the same places as we left them 
last evening. Now, Papa, if we imagine a straight line to be 
drawn through the two stars in the plough, which in the figure 
(1) are marked d and and to extend a long way down, it 
will pass, or nearly pass, through a very bright star, though 
not so bright as Arcturus or CapeUa. What is that star? 

Fa. It is a star of the second magnitude: and if you refer 
to the celestial globe, in the same way as you were instructed 
last night, you will find it is called ReguluSy or Cor Leonisy 
the Lion^s Heart. By this method you quickly discover the 
names of all the principal stars; and afterwards, with a little 
patience, you will easily distinguish the others, which are less 
conspicuous. 

Ch. But I perceive these have not all names. How, then, 
are they specified? 

Fa. If you look on the globe, you will observe that they 
are distinguished by the d^erent letters of the Greek alpha- 
bet; and in those constellations where there are stars of dif- 
ferent apparent magnitudes, the largest a (a), alpha ; the 
next in size /3 (6), beta ; the third, y (^), gamma ; the fourth, 
h {d)y deUay and so on. 

Ja. Is there any particular reason for this? 

Fa. The adoption of the characters of the Greek alphabet, 
rather than any other, was perfectly arbitrary. It is, how- 
ever, of great importance that the same characters be used by 
astronomers in general of all countries; for by this means the 
science assumes a sort of universal language, and becomes in- 
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telligible throughout the world. Charles, you must teach 
your brother the Greek alphabet, he will have to acquire it 
when he is a little older, so that he may as well learn it now. 

Ch. I shall be most happy to do so. Papa, and will you ex* 
plain to us how this introduction of Greek letters applies?* 

/a. Let us suppose that if an astronomer in North America, 
Asia, or any other part of the earth, observe a comet or any 
particular appearance in that part of the heavens where the 
constellation of the Plotigh is situated, and he wish to de- 
scribe it to his friend in Great Britain, that he may know 
whether it was seen by the inhabitants of this island; he has 
only to mention the time when he discovered it; its position 
in regard to some one of the stars, calling it by the Greek 
letter by which it is designated, and the course which it 
took from one star towards another. Thus he might say, 
that at such a time he saw a comet near h in the Great Bear, 
and that its course was direct from ^ to /I, or any other letter, 
as it might happen. 

Ch, Then, if his friend here had seen a comet at the same 
time, he would, by the same means, know whether it was the 
same or a different comet. 

Fa, Certainly : and hence you perceive of what import- 
ance it is, that astronomers, in different countries, should 
agree to mark the same stars and groups of stars by the 
same characters. But to return to that star, to which you 
just called my attention, the Cor LeoniSj it is not only a re- 
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iMTge, 

SmaU. 

Name*. 

Englhh 

Pronun- 

A ... 

a ... 

Alpha 

ciation. 

••• A 

B ... 

iS ... 

Beta 

... b 

r ... 

X 

Gamma 


A ... 

0 ••• 

Delta 

... d 

E ... 

c ••• 

Epsilon 

... « 

Z ... 

X ... 

Zeta 

... z 

H ... 

Il ... 

Eta 

... e 

0 ... 

9 ... 

Theta 

... th 

I ... 

1 

Iota 

... i 

K ... 

K ... 

Kappa 

... k 

A ... 

X ... 

Lambda 

... 1 

M ... 

u ... 

Mu 

... m 
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StnaU. 

Name*. 

Pronun- 

ciation. 

N ... 

V ... 

Na 

... n 

... 

1 ... 

Xi 

... X 

0 ... 

0 ... 

Omicron 

... s 

n ... 

TT ... 

Pi 

... p 

p ... 

P ... 

Rbo 

... rh 

2 ... 

O Q ... 

Sigma 

... s 

T ... 

r ... 

Tau 

... t 

Y ... 

V ... 

Upsilon 

... u 

^ ... 

w ... 

Phi 

... ph 

X ... 

X - 

Chi 

... ch 

^ ... 

^ ... 

Psi 

... ps 

Q ... 

io ... 

OmSga 

... 0 
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markable star, but its position is also remarkable : it is siU 
ated in the ecliptic, 

Ja, What is the ecliptic, Papa ? 

Fa. The ecliptic is an imaginary great circle in the 
heavens, which the sun appears to describe in the course of 
a year. If you look on &e celestial globe, you will see it 
marked with a red line ; an emblem, perhaps, of the fierce 
heat communicated to us by that body. 

Ch. Why was it called the Ecliptic'^ 

Fa. Because, when any heavenly bodies are in or near this 
circle, they are liable to be eclipsed, that is, deprived of the 
sun’s light by some intervening body. It is derived from the 
Greek word ecleipsis (iicXeiyl/ig,) “ absence, or deficiency.” 

Ja, But the sun seems to have a circular motion in the 
heavens every day. 

Fa. It does: but this is called its apparent diurnal or daily 
motion, which is very different from the path it appeal’s to 
traverse in the course of a year. The former is observed by 
the most inattentive spectator, who cannot but know that the 
sun is seen every morning in the East, at noon in the South, 
and in the evening in the West: but the knowledge of the 
latter must be the result of patient observation. 

Ch. And what is the green line on the globe which 
crosses it ? 

Fa. It is called the Equator, which is an imaginary circle 
belonging to the earth, which you must still suppose, for the 
present, is of a globular form. If you can imagine the plane 
of the terrestrial equator to be produced to the sphere of the 
fixed stars, it would mark out a circle in the heavens, called 
the celestial equator or equinoctial, which would cut the 
ecliptic in two points. The word equinoctial comes from the 
Latin cequus, “ equal,” and nox, noctis, “ night.” 

Ja. Can we trace the circle of the ecliptic in the heavens? 

Fa. It may be done with tolerable accuracy in two ways. 
First, by observing several remarkable fixed stars, to wliich 
the moon in its course seems to approach. The second me- 
thod is, by observing the places of the planets. 

Ch. Is the moon, then, always in the ecliptic? 

Fa. Not exactly so; but it is always either in the ecliptic, 
or within five degrees and a third of it, on one side or the 
other. The planets also, I mean. Mercury, Venus, Mars^ 
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Jupiter, Saturn, and Herschel, are nerer more than eight 
degrees distant from the ecliptic. 

t/6L How can we trace this line by help of the fixed stars? 

Fa, By comparing the stars in the heayens with their re- 
presentatives on the artificial globe; a practice which maybe 
reii<uly acquired. 1 will mention to you the names of those 
stars; and you may first find them on the globe, and then 
•refer to as many of them as are now visible in the heavens. 
The first is in the RanCs horn, called a Ariefis, about ten de- 
grees to the nortk of the ecliptic; the second is the star Aide- 
harariy in the Bull’s eye, six degrees efyidk of the ecliptic. 

Ch, Then, if at any time I see these two stars, I know 
that the ecliptic runs between them, and nearer to Aldebaran 
than to the star in the Ram’s horn. 

Fa, Yes: now carry your eye eastward to a distance some- 
what greater from Aldebaran than that is east of a Arietis, 
and you will perceive two bright stars, at a small distance 
from one another, called Castor and Pollux, The lower one, 
and that which is the less biilHant, is Pollux, seven degrees 
on the north side of the ecliptic. Following the same track, 
you will come to Regulus, or the Cor Leonis, wliich, as I have 
already observed, is in the line of the ecliptic. Beyond this, 
and only two degrees south of that line, you will find the 
beautiful star in the Virgin’s hand, called Spica Virginis. 
You then arrive at Antares, or the ScorpiorCs Heart, five 
degrees on the same side of the ecliptic. Afterwards, you 
will find a Aquilce, which is situated nearly thirty degrees 
north of the ecliptic; and farther on is the stsx Fomahaut, in 
the fish’s mouth, about as many degrees south of that line. 
The ninth and last of these stars is Pegasus, in the wing of 
the flying horse, which is nearly twenty degrees north of the 
ecliptic. 

Ja, Upon what account are these nine stars particularly 
noticed? 

Fa, They are selected as the most conspicuous stars near 
the moon’s orbit, and are considered as excellent points from 
which the moon’s distance may be calculated for every three 
hours of time; and hence are constructed those tables in 
the Nautical Almanac, by which navigators, in their most 
distant voyages, are enabled to estimate, on the vast ocean, 
the particular pfixt of the globe on which they are. 
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CA. What do you mean by the Nautical Almanac? 

Fa. It is a kind of National Almanac, published by order 
of the Board of Admiralty^ and intended chiefly for the use 
of sailors and others traversing the ocean. It was begun in 
the year 1767, by Dr. Maskelyne, the Astronomer Royal; 
and is published by anticipation for several years before- 
hand, for the convenience of ships going out upon long voy- 
ages. This work has been found eminently important in the 
late voyages of discovery made round the world, and for navi- 
gation generally, inasmuch as it contains a copious list of 
astronomical phenomena at sea, and the means of finding the 
longitude and other important matters. 

QUESTIONS FOR EXAMINATION. 

Do the fixed gtars keep a constant I — How far distant from the ecliptic can 
situation with regard to the heavens? j the planets wander? — What method 
—How are those stars distinguished to would you adopt in tracing out to a 
which there are no particular names ? friend the ecliptic ? — Through what 

— Is there any good reason why par- two remarkable stars does the ecliptic 
ticular characters should be used for pass? — How is Regulus situated? — 
the same stars by all nations? — What From what particular stars is the 
do you mean by the ecliptic ? — What moon's distance calcula^ ? (Here refer 
is the eauator ? — What is the celestial to the globe.) — For what purpose are 
equator or equinoctial? — How would these calculations made? — What is 
you trace the ecliptic in the heavens ? the Nautical Almanac, and to what 

— Is the moon always in the ecliptic ? purpose is it applied? 


CONVERSATION IV. 

OF THE EFHEMERIS. 

Charles, Your second method, Papa, of tracing the ecliptic 
was by means of the position of the planets. Will you ex- 
plain that now to us ? 

Fa, I will: and to render you perfectly qualified for 
observing the stars, I will devote the present conversation to 
the purpose of explaining the use of White’s Ephemeris; a 
book published annually, and which is a necessary companion 
to every young astronomer. 

Ja, What is the meaning of the word Ephemeris, Papa; 
and must we study the whole of this work to gain a know- 
ledge of the stars? 

Fa, The Ephemeris comprises many tables to show the 
places of a celestial body for every day at noon, and is a Greek 
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word (e<l^rjfupic) derived from qin (m) upon,” and hemerOf 
{fjfLtpa)^ a day:” the plural is ephemerides. And you must 
indeed either study that, or some other book of the same 
kind, if you would proceed in the best and most rational plan. 
Besides, when you know the use of this book, which you 
will, completely, with half* an hour’s attention, you have 
nothing more to do, to find the position of the planets at any 
day of the year, than to turn to that day in the Ephemeris, 
and you will instantly he directed to those parts of the 
heavens in which the different planets are situated. Turn 
to the second page. 

CA. Here the astronomical characters, I see, are explained. 

jP«. The first twelve are the representatives of the signs 
into which the circle of the ecliptic is divided, called also the 
twelve signs of the Zodiac. 


ry) Aries, 
y Taurus, 
n Gemini. 
25 Cancer. 


£l Leo. 
m Virgo. 

Libra. 
TTt Scorpio. 


/ Sagittarius. 

Capricorn. 
SS Aquarius. 
X Pisces. 


Every circle is supposed to be divided into 360 parts, called 
degrees; and since that of the ecliptic iS also divided into 12 
signs, each sign must contain 30 degrees. Astronomers 
subdivide each degree into 60 minutes, and each minute into 
60 seconds, which are abbreviated thus, ® — ' — " ; so that 
to express an angle of 25 degrees, 11 minutes, and 45 seconds, 
we should ivrite 25° — 11' — 45". To express the situa- 
tion of the sun for the first of January, 1822, which, by 
looking into the Ephemeris, is found to be in Capricorn, we 
should write Icp 10° 35' 48". 

Ja, What do you mean by, the Zodiac? 

Fa, It is a broad circle, or belt, surrounding the heavens, 
about sixteen degrees wide, along the middle of which runs 
the ecliptic. The term Zodiac is derived from the Greek 
word Zodion (ZwSiov) “ a small animal,” because each of the 
twelve signs was formerly designated by some animal : that 
which we now call Libra being, by the ancients, reckoned a 
part of Scorpio, the Scorpion. 

Ja. Why are the signs of the Zodiac called by the several 
names of Aries, Taurus, Leo, &c.? I see no likeness in the 
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heavexis to Bams, or Bulls, or Lions, which are the English 
meanings of those Latin words. 

Fa. Nor do 1. Nevertheless, the ancients saw, by the 
help of a strong imagination, a similarily in the outlines of 
those animals and the boundaries which certain groups of 
stars assumed in the heavens, and gave them these names, 
which have continued to this day. 

Ch. Perhaps these were originally invented, in the same 
way as we sometimes figure to our imagination the appear- 
ances of men, beasts, ships, trees, &c., in the fljring clouds, of 
in the fire. 

Fa. They might possibly have no better authority for 
their origin, but some authors afiirm that these constellations 
were invented in Egypt at some very remote period, and 
that they had a reference to the divisions of the seasons, and 
the agriculture of that country at the time of their invention. 
Sir William Jones ascribes the invention to Anaximander, 
about 560 b.c. ; and remarks, also, that it had been known to 
the Hindoos from time immemorial. However, be that as it 
may, it will be useful for you to retain the names of the 
twelve signs in your memory, as well as the order in which 
they stand. I will therefore repeat some lines written by 
Dr. Watts, by means*of which their English names and order 
may easily be remembered. 

The Aam, the the heayenly Tvoint^ 

And, next the Crod, the Litm shines, 

The Virgin and the SccUet; 

The Scorpion, Archer, and Sea-Goaf, 

The Man that holds the watering pot. 

And Fi$h with glittering tails. 

Ch. We come now to the characteristic marks placed be 
fore the planets. 

Fa. These characters, like the former, are but a kind of 
short-hand, and, when remembered, are more readily 
written than the names themselves of the planets. They are 
as fpUow: 

Herschel, or 0 The Earth. ^ Ceres. 

Ur&nus. O The Sun. $ Pallas. 

Saturn. j Venus. $ Juno. 

71 Jupiter. g Mercury. Vesta. 

S lAm. D The Moon. 
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With the other charaeters you have no need to trouble your- 
selves till you come to calculate eclipses and construct astro- 
nomical tables; a labour which you may defer for some years 
to come. Now turn to the eighth page of the Ephemeris. 

Jc Have we no concern with the pages of the Ephemeris 
between the second and eighth ? 

Fa. They do not contain anything that requires explana- 
tion. In the eighth page, after the common almanac for 
January, the two first columns point out the exact time of 
the sun’s rising and setting at London: thus, on the 10th day 
of January he rises at fifty-eight minutes after seven in the 
morning, and sets at two minutes past four in the afternoon. 
The third column gives the declination of the sun. 

Ja. What is meant by declination^ Papa? 

Fa. The declination of the sun, or of any heavenly body, 
is its distance from the imaginary circle in the heavens called 
the equinoctial. Thus you observe that the sun’s declination 
on the 1st of January is 23® 3' South; or, it is so many 
degrees South of the imaginary equator. Turn to March, 
1822, and you will see that between the 20th and 21st days 
it is in the equator; for, at noon on the 20th it is only 16' 
South, and at the same hour on the 21st it is 8' North of 
that line: and when it is in the equator, it has then no decli- 
nation. 

Ch. Do astronomers always reckon from 12 o’clock at 
noon? 

Fa. They do; and hence the astronomical day begins 
12 hours later than according to common reckoning: so that 
the declination, longitude, latitude, &c., of the sun, moon, and 
planets, are always put down for 12 o’clock at noon of the day 
to which they are opposite. Thus the sun’s declination for 
the 17th of January at 12 o’clock is 20® 48' South. 

Ch. Is that because it is the commencement of the astro- 
nomical day, commonly called noon? 

Fa. It is. The next three columns oontain the moon’s 
declination, the time of her rising and setting, and the time 
of her southing, that is, when she comes to tiie meridian, or 
South part of the heavens. 

Ch. Does she not come to the South at noon, as well as 
the sun? 

Fa. No; the moon never comes to the meridian at the 
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same time as the sun, except at the time of new moon, which 
takes place at every new moon, as you may see by casting 
your eye down the several columns in the Ephemeris which 
relate to the moon’s southing. 

Ja. What is implied in the column by the words clock 
before the sun^" and “ clock after the sun 

Fa. A full explanation of that must be deferred till we 
come to speak of the equation of time: at present it will be 
sufficient for you to know that if you are in possession of a 
very accurate and well-regulated clock, and also of an excel- 
lent sun-dial, they will be together only four days in a year. 
Now, this seventh column in the Ephemeris points out how 
much the clock is before the sun, or the sun before the clock, 
for every day. On Twelfth-day^ 1822, for instance, the 
clock is faster than the sun by 6' and 7": but if you turn to 
May-day^ you will find that the clock is 3' 2" slower than 
the sun. The time exhibited by the sun-dial is called Bolar 
or true time, and that of a well-regulated watch or clock, 
mean time. 

Ja. On what days in the year are the clock and sun-dial 
together? • 

Fa. About the 16th of April; the 15th of June; the 1st 
of September; and Christmas-day. 

Ch. By this table, then, we may regulate our clocks and 
watches. 

Ja. In what manner, Charles? 

Ch. Examine, on any particular day, the clock or watch, 
and the sun-dial at the same time; say 12 o’clock; and ob- 
serve whether the difference between them answers to the 
difference set down in the table, opposite to the day of obser- 
vation. Thus, on the 12th of March, 1822, the clock did not 
show true time, unless it was 10' 3" before the dial; or 
when the dial marks 12 o’clock, it must have been 10' 3' 
past 12 by the clock or watch. 

Fa. Perfectly correct ; let us now proceed to the next 
page. The first three short columns, relating only to the 
duration of day-light and twilight, require no explanation: 
the fourth we shall pass over for the present; and the re- 
maining five give the latitude of the planets. 

Ja. What do you mean by the latitude. Papa ? 

Fa. The latitude of any heavenly body is its distance ficom 
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the ecliptic north or south. The latitude of VenuSy on New- 
year's Day, 1822, was 1® 1' South. 

Ch. Then the latitude of heavenly bodies has the same re- 
ference to the eclipticy as declination has to the equator? 

Fa, It has. 

Ja. But 1 do not see any table of the sun’s latitude. 

la. I dare say your brother can give you a reason for 
this. 

Ch. As the latitude of a heavenly body is its distance from 
the ecliptic, and as tlie sun is always in the ecliptic, he can 
tlierefore have no latitude. 

Fa. The longitude of the sun and planets is the only thing 
in this page that remains to be explained. The longitude of 
a heavenly body is its distance from the first point of the sign 
Aries; and it is measured on the ecliptic. It is usual, how- 
ever, as you observe in the Ephemeris, to express the longi- 
tude of a heavenly body by the degree of the sign in which 
it is. In this way the sun’s longitude on the 1st of January, 
1822, was in Capricorn, 10° 35' 48"; that of the moon in 
Aries, J 7° 44' : and so on. 

Ch. There are some short columns at the bottom of the 
former page that you have omitted, and likewise one of the 
moon’s parallax; what do they mean? 

Fa. The use of these will be better understood when we 
come to converse respecting the moon and planets. Helio- 
centric longitude, also, I will explain by and by.* 

QUESTIONS FOB EXAMINATION. 

What book is necessary in studying time with the sun? — How often does a 
the heavens ? — Of what use is the well regulated clock and the sun by the 
Ephemeris ? — Do you know the charac- dial show the same time ? — What are 
ters and names of the twelve signs of tlie four days in the year when the 
the Zodiac ? — What is the Zodiac, and i clock and dial are together? — Can you 
from whence is the term derived? — tell me how to regulate my watch on 
Repeat Dr. Watts’s lines in which the any day by means cf a good dial and 
signs of the Zodiac are enumerated. — the table contained in the Ephemeris? 
What are the names of the planets ? — What is meant by the latitude of a 
and draw the character belonging to heavenly body? — To what does the 
each. — W'hat do you mean by the de- latitude of heavenly bodies refer? — 
olinatiun of a heavenly body ? — When Has the sun any latitude, and if not, 
do astronomers begin their day? — what is the reason ? — W'hat is the Ion - 
W’hich begins first, the common or the gitude of a heavenly body, and on what 
astronomical day ? — When does the line is it measured ? 
moon come to the meridian at the same I 

* See Convtrsation XX. 

I 
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CONVEBSATION V. 

OF THE SOLAR SYSTEM. 

Father, We will now proceed to the descriptionof the Solar 
System. 

Ja, Of what does that consist, Papa ? 

Fa. It consists of the sun and planets, with their satel- 
lites or moons. It is called the Solar System^ from jSb/, the 
sun, because the sun is supposed to be fixed in the centra 
whUe the planets, of which our earth is one^ revolve round him 
at different distances. 

Ch. But are there not some peojfie who believe that the 
sun goes round the earth? 

Fa. Yes,* it is an opinion embraced by the generality of 
persons not accustomed to reason on these subjects. It was 
adopted by Ptolemy, who supposed the earth to be perfectly 
at rest, and the sun, planets, and fixed stars to revolve about 
it every twenty-four hours. 

Ja. And is not that the most natural supposition? 

Fa. If the sun and stars were, in comparison with the 
earth, but small bodies, and were situated at no very great 
distance firom it, then the system maintained by Ptolemy and 
his followers might appear the most probable. 

Ja. Are the sun and stars, then, very large bodies? 

Fa. The sun is more than a million times larger than the 
earth which we inhabit; and many of the fixed stars are pro- 
bably much larger than he is. 

C%. What is the reason, then, that they appear so small? 
Fa. This appearance is caused by the immense distance 
there is between us and these bodies. It is known with cer- 
tainty, that the sun is more than ninety-five millions of miles 
distant from the earth; and the nearest fixed star is probably 
more than two hundred thousand times further from us than 
even the sun himsdf. 

Ch. But we ean form no conception of such distances. 

Fa. We talk of millions with as much ease as of hundreds 
or tens ; but it is not, perhaps, possible for the mind to form 
any adequate conceptions of such inunense distances; yet 
several methods have been adc^ted to assist its comprehen- 
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non. Yo«t luiT« aome idea of the swiftness whh wldch a can- 
Bon-ball iwoce^ from the moi^ of the gnn. 

Ja. I have beard that it dies at the rate of eight 


in a minute. 

Fa. And you know bow many minutes there are m a year. 

Ja. rbat is easily ascertained by multiplying 366 days by 
24 for the number of hours, and that product by 60, for the 
number of minutes, which will amount to 525,600 in a year. 

Fa, Now, if you divide the distance of the sun from the 
earth by the number of minutes in a year, multipKcd by 8, 
because the cannon-ball travels at the rate of eight miles in a mi- 
nute, you will know how long a body issuing from the sun with 
the velocity of a cannon-ball would require to reach the earth. 

Ch. If I divide 95,000,000 by 525,600, multiplied by 8, 
or 4,204,800, the answer will be more than 22, the number 
of years tak^ lor the journey • 

Fa, Is H, then, probable that bodies so large, and at such 
distances from the earth, should revolve round it every day ? 

Ch, I do not think it is. WiU you. Papa, go on with the 
description of the Solar System f 

Fa, I wilL According to this syst^ the sun is in the 
centre, about which the planets revolve from West to East, 
according to the order of the signs in the ecliptic; that is, if 
a planet is seen in Aries, it advances to Taurus, then to 
Gemini, and so on. *• 


Ja, How many 
planets are there re- 
volving round the 
sun? 

Fa, At present 

there have been 
discovered twenty- 
three. G is the sun, 
the nearest to which. 
Mercury, revolves 
in the circle a: next 
to him is the beau- 
tiful pbnet Verms, 
who perfonas her 
revolution in tbs 
drde^r then cosses 
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the Earthy t; next to which is Man^ e; between the orbit of 
Mars and the next circle denoting the orbit of Jupiter^ we 
have fifteen of the minor or ultra-zodiacal planets — viz., 
Flora, Victoria, Vesta, Metis, Iris, Hebe, Parthenope, Astrcta, 
Egeria, Irene, Eunomia, Juno, Cetes, Pallas, and Hygeia; 
after Jupiter comes Saturn in g; far beyond him the planet 
Uranus performs his revolution in the circle h; and still 
further beyond him, Neptune. I have omitted to represent 
several of these planets in the diagram, to prevent confusion. 

Ja. What do the smaller circles represent which are 
attached to several of the first ? 

Fa. They are intended to represent the orbits of the 
several satellites or moons belonging to some of the planets. 

Ja. What do you mean by the orbit ? 

Fa. The path described by a planet in its motion round 
the sun, or that of a moon round its primary planet, is called 
its orbit; it is derived from the Latin word o¥bis, a circle.” 
Look to the orbit of the earth (fig. 2,'\ d, and you will see a 
little circle, which represents the orbit around which our 
moon performs its monthly journey. 

Ch. Has not Mercury or Venus any moon ? 

Fa. None have ever been discovered belonging either to 
Mercury, Venus, or Mars. Jupiter, as you observe by the 
figure, has four moons: Saturn has seven: and Uranus 
has six, which, from want of room, are not drawn in the 
engraving. 

Ch. The Solar System, then, consists of the sun as a centre, 
round which revolve twenty-three planets, and eighteen 
satellites or moons. Are there no other bodies belonging 
to it ? 

Fa. Besides these, there are comets, which make their 
appearance occasionally; and it would be wrong to affirm 
positively, that there can be no other planets belonging to 
the Solar System, since, as I shall tell you presently, one of 
^ose above enumerated was discovered last year only. 

Ch. Please to inform us why Uranus was also named the 
Georgium Sidus and Hersvkel. 

Fa. Willingly. The planet Uranus was discovered by 
Dr. Herschel, and it received his name in honour of its dis- 
coverer, to whose industry and genius astronomical scienc^e is 
indebted for many other important discoveries. Dr. Herschel 
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was one of those extraordinary men who raise themselves 
from very humble situations in life to notice and honour. 
He was fortunate in obtaining the patronage of George HI., 
under whose auspices he was enabled to pursue his studies, 
and bring to maturity those discoveries which his vast mind 
had contemplated. In gratitude to his patron, he gave to the 
newly-found planet the name of the Georginm Sidus, or 
Georgds Planet ; but the world considered the honour of the 
di.'^covery as due to Dr. Herschel, and therefore named it, 
after himself, the planet HerscheL The name Uranus (the 
father of SatwnC) was proposed by Professor Bode of Berlin, 
and is that by which this planet is now generally known. 

Ch, Which are the newly-discovered planets, by whom 
were they respectively discovered, and when? 

Fa, Ceres was discovered by M. Piazzi, of Palermo, in 
Sicily, on the Ist of Jan. 1801. Pallas was discovered by 
Dr. Olbers, of Bremen, on the 28th of March, 1802, who also 
discovered Vesta, on the 29th of March, 1807; Juno was 
discovered by Prof. Harding, of Lilienthal, near Bremen, on 
the 1st of Sept. Is04 ; Astr^ea and Hebe, by Prof. Hencke, 
on the 8th of December, 1845, and Ist of July, 1847, 
respectively; Neptune, by Mr. Adams, M. Leverrier, and 
M. Galle -conjointly; Iris, on the 13th of Aug. 1847, and 
Flora, on the 18th of Oct. 1847, by Mr. Hind; Metis, by 
Mr. Graham, on the 25th of April, 1848 ; Hygeia, by M. 
de Gasparis, on the 12th of April, 1849 ; Parthenofe, by 
the same, on the 11th of May, 1850; Victoria, by Mr. 
Hind, on the 13th of Sept., 1850 ; Eqeria, by M. de Gas- 
paris, on the 2nd of Nov., 1850 ; Irene, by Mr. Hind, on 
the 19th of May, 1851 ; and Eunomia, by M. de Gasparis, 
on the 29th of July, 1851. 

The planets are pretty readily distinguished from the fixed 
stars, when attentively watched from night to night by the 
changes in their relative situations. In some these changes 
take place rapidly, in others much more slowly. Four of 
them — Venus, Mars, Jupiter, and Saturn — are remarkably 
large and brilliant; another. Mercury, is also visible to the 
naked eye, but is seldom conspicuous. Uranus is scarcely 
distinguishable without a telescope, and the others are invis- 
ible to the naked eye. All of them make the entire tour of 
the heavens, and, with the exception of the telescopic planets, 



118 


ABTBOHOMT* 


perform tbeir moyements within tlmt Bone of the hetvens 
called the zodiac. It is highly probable, however, that many, 
if not all, the fixed stars are also in a state of motion, althou^ 
too slow to be peixjeptible, unless by means of very delicate 
observations, contipu^ daring a long series of years. Hence 
the term fixed stars, in regard to plamts, must be received in 
a comparative, not absolute, sense. 


QUESTIONS FOE EXAMINATION. 


Of what does the solar system con- 
gist? — What was the system of Pto- 
lemy? — How large is the — Why 

do the heavenly bodies, which are so 
immensely large, appear so small? — At 
what distance is the sun ftom the 
earth? — Are the fixed stars further 
from US than the sun ?— At whst rate 
does a cannon ball proceed from the 
mcnith of a gun? — How long would a 
eanaon ball with the same velocity be 
^yawing from the sun to the earth?-— 


How is the son situated?— Which wtLf 
do the planets move, and how many am 
there?— What is the meaning of the 
term oihit?— Can you explain tome 
the various parts of fig. 2 ? — To which 
of the plteaets are there satellites or 
moons, and to which not ? — By whom 
was this system first adopted in ancient 
and modem times ? — Who discovered 
the minor planets, and what are tiie 
dates? — How are the planets distin- 
guished from the fixed stars? 


CONVERSATION VI. 

OF THE FIGURE OF THE EARTH. 

Father, Having, in my last conversation, given you a de- 
scription of the Solar System in general, we will now proceed 
to consider each of its parts separately, and since we are most 
of aU concerned with the Earth, we will begin with that 
body. 

Ja, You promised to explain to us. Papa, why the earth is 
in the form of a globe, and not a mere extended plane, as it 
appears to common observation. 

Fa, Yes, I did. Suppose, then, you were standing by the 
sea-shore, on a level with the water, and at a very considerahle 
distance, as far as the eye could reach, you observed a ship 
approaching: what ought to be its appearance, supposing the < 
solace of the sea to be a fiat plane? 

Ch, We should, I think, see the whole ship at once; thaft 
is, the hull would he visible as soon as the top-mast. 

Fa, It certainly must, or indeed rather sooner; because 
the body of the vessel being so much larger than a slende 
mast, it must necessarily be visible at a greater distance. 

ifo. Yes; 1 can see the steeple of a church at a nul^ 
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greater distance than 1 can discern the small weather-cock 
which is upon it; and that I can perfectly see long before I, 
can descry the iron conductor which is at the extremity 
of the tower. 

Fa, Well; but the top-mast of a vessel at sea is always 
seen some little lime before the hull of the vessel can be dis- 
cerned. Now, if the surface of the sea be globular, this must 
be so; because the water, partaking of the rotund shape of the 
earth between the vessel and the eye of the spectator, will 
hide the body of the ship for some time after the pendant at 
the mast-head is seen. 

Ch. In the same way as if any high building were situated 
on one side, of a hill, and I was walHng on the opposite side, 
the upper part would come first in sight, and as 1 advanced 
towaHs the summit, the other parts would come successively 
into view. 

Fa. Your illustration is quite in point. The same will be 
experienced by two persons walking up a hill on opposite 
sides: they will perceive each other^s heads first; and as they 
advance to the top, the other parts of their bodies will become 
visible. With respect to the ship, the following figure will 
convey the idea very completely. Suppose chea represent a 
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small pa:*t of the curved surface of the sea; if a spectatca 
stand at a, while a ship is at c, only a small part of the mast 
will be visible to him; but as it advances, more of the ship is 
seen, till it arrives at e, when the whole will be in sight. 

Ch. When I stood by the sea-side, the water did not appear 
to me to be curved. 

Fa. Perhaps not: but its convexity may be discovered upon 
any still water, as upon a river extending a mile or two in 
length; for you might see a very small boat at that distance 
while standing upright; but if you stoop down, so as to bring 
your eye near the water, you will find the surface of it rismg 
in such a manner as to cover the boat, and intercept its view 
completely. Another proof of the globular figure of the earth 
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is, that it is necessary for those who are employed in cutting 
canals to make a certain allowance for the convexity; since 
the true level is not a straight line, hut a curve which falls 
eight inches below it in the mile. 

Ch, I have heard of people sailing round the world, which 
is another proof, I imagine, of the globular figure of the earth. 

Fa, It is a well-known fact that navigators have set out 
from a particular port, and, by steering their course con- 
tinually westward, have at length arrived at the same place 
whence they first departed. Now, had the earth been an ex- 
tended plane, the longer they had travelled, the further must 
they have been from home. 

Ch. How is it known that they continued the same course? 
Might they not have been driven round at sea? 

Fa. By means of the Mariner’s Compass (the history, pro- 
perties, and uses of which, I will explain very particularly in 
a future part of our lectures) the method of sailing on the 
ocean by one certain track is as sure as travelling on the high 
road from London to York. By the aid of this instrument, 
Ferdinand Magellan made a voyage, in the year 1519, from 
the western coast of Spain, continuing westward, till he ar- 
rived, after 1124 days, at the same port whence he set out. 
The same, with respect to Great Britain, was done by our 
own countrymen, Sir Francis Drake, Lord Anson, Captain 
Cook, and many others. 

Ch. Is, then, the ordinary terrestrial globe a just represen- 
tation of the earth? 

Fa. It is; with this small difference — ^that the artificial 
globe is a perfect sphere; whereas the earth is a spheroid; 
that is, in the shape of an orange; the diameter from pole to 
vole being about 37 miles shorter thap that at the Equator, 

Ch. But do not the mountains affect the earth’s globular 
shape? 

Fa. What the earth loses of its sphericity by mountains 
and valleys, is very inconsiderable; the highest mountain 
bearing so little proportion to its bulk as scarcely to be equi- 
valent to the minutest protuberance on the surface of an 
orange. 

Ja, Was not the earth for some time thought to be a cir- 
cular plane? 

Fa. For a long period of ages, it was supposed that the 
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surface of the earth was a large circular plane, indefinitely 
extended, and bounded on all sides by the sky. This opinion 
was long entertained by the illiterate, and in the different 
peril >ils in the history of science was believed and taught by 
the learned. 

Moreover, all the proofs we have here mentioned are con- 
firmed and illustrated by an eclipse of the moon, which pre- 
sents to us an ocular demonstration of the earth’s rotundity. 

Ch, What is a lunar eclipse, Papa? 

Fa, A lunar eclipse is caused by the intervention of the 
body of the earth between the sun and moon, in which case 
the shadow of the earth falls upon the moon. And in every 
eclipse of this kind, which is not total, the obscure part always 
appears to be bounded by a circular line; the earth itself, for 
that reason, must be spherical; it being evident, that nothing 
but a spherical body can, in all situations, cast a circular 
shadow; and, as we have just remarked, the mountains and 
valleys which diversify its surface take little or nothing from 
its globular shape, for they bear no more proportion to its 
magnitude than the smallest grain of sand does to a common 
globe. 

Ch, Have you not said that navigation very much depends 
on a correct knowledge of the sphericity of the earth? 

Fa, On the knowledge of this spherical figure of the earth 
the art of navigation in a great measure depends, and all the 
great voyages of discovery which have been made were un- 
dertaken in consequence of the knowledge of this fact. Had 
mankind remained unacquainted with this discovery, the cir- 
cumnavigation of the globe would never have been attempted; 
vast portions of the habitable world would have remained un- 
known and unexplored; no regular intercourse would have 
been maintained between the various tribes of the human 
race; and, consequently, the blessings of divine revelation 
would never have been communicated to the greater part of 
the Gentile world, at least as far as our finite reason can 
suppose. 

Ja, What are the poles. Papa? 

Fa, In the artificial globe (fig. 4.) there is an axis, n s, 
about which it turns. The two extremities or ends of this 
axis, N and s, are called the poles. 

Ch, Is there toy axis belonging to the earth? 
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Fa. No: but as we shall by and by show that the earth 
turns round once in every 24 hours, so astronomers imagine 
an axis upon wliich it revolves as upon a centre; the ex- 
tremities of which imaginary axis are the poles of the earthy 
of which N, the north pole, points at all times exactly to 
the north pole of the heavens which we have already de- 
scribed (fig. 1.), and which is, as you recollect, within two 
degrees of the polar star. 

Ja, And how do you define the equator 9 
Fa. The equator, ab, is an imagi- 
nary circle passing round the earth, 
perpendicular to the axis ns, and 
at equal distances from the poles. 

Ch. And I think you told us, 
that if we imagined this circle to 
extend every way to the fixed stars, 
it would form the celestial equator. 

Fa. I did. It is also caUed the 
equinoctial; and you must not for- 
get that, in this case, it would cut 
the circle of the ecliptic cd in two points. 

Ja. Why is the ecliptic marked on the terrestrial globe, since 
it is a circle peculiar to the heavens? 

Fa. Though the ecliptic be peculiar to the heavens, and the 
equator to the earth, yet they are both drawn on the terres- 
trial and celestial globes, in order, among other things, to show 
the relative positions of these imaginary circles. 

I shall now conclude our present conversation with ob- 
serving that, besides the proofs adduced of the globular form 
of the earth, there are others equally conclusive, which wiU 
be better understood when we have made a little further 
progress. 



QUESTIONS FOR EXAMINATION. 

How is it proved that the earth is of | — How can it be known whether a sh^ 
aglobular figure, and not a mere plane P j has sailed round the earth? — Is the 
— Explain this by fig. 3. — Why does earth a perfect sphere, like the artificial 
not the sea appear to the eye to be globe? — How much do the two diame- 
florved? — < How does the method ters of the earth differ from one another, 
adopted in cutting canals prove the and which is the longer of the two?-> 
globular figure of tne eanh t — Is there What are the extremities of the earth*l 
any other proof that the earth is round? mxls called?^ What is the equator?*^ 
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Wbj is the ecliptic mariced on the teis 
restrial globe ? — Of what shape did the 
ancients consider the earth ? — What is 
tile true shi^M? — What proofli have 
you to support this opinion ? — What 
is a lunar eclipse ? — A solar eclipse ? — 
What science depends npon a know- 


ledge cf the ^heiical fonn of the earth? 

— What great results have arisen from 
this knowledge? — What proofs have 
you that the sun is stationary And 
that the earth moves round tiie sun?—* 
Explain them to me. 


CONVERSATION VH. 

OP THE DIURNAL MOTION OP THE EARTH. 

Father. Well, children, are you satished that the earth on 
which you tread is a globular body, and not a mere extended 
plane? 

Ch. Admitting the facts which you mentioned yesterday; 
viz., that the top-mast of a ship at sea is always visible before 
the body of the vessel comes into sight; that navigators have 
repeateiy, by keeping the same course, sailed round the 
world; and that persons employed in digging canals can only 
execute their work with effect by allowing for the supposed 
globular shape of the earth; it is evident that the earth can- 
not be a mere extended plane. 

t/a. But as all these fficts can be accounted for upon the 
supposition that the earth is a globe; you therefore conclude 
it is a globe. Tliis is, I believe, the nature of the proof ? 

Fa. It is. Let us now advance one step further, and show 
you that this globe turns on an imaginary axis every twenty- 
four hours; thereby causing the succession of day and night. 

Ja. I shall be surprised if you are able to afford such satis- 
factory evidence of the daily motion of the earth as of its 
globular form. 

Fa. I trust, that the arguments on this subject will be quite 
as convincing, and that, before we part, you will admit that 
the apparent motion of the sun and stars is occasioned by this 
diurnal motion of the earth. 

I shall be glad to hear how this can be proved; for if, 
in the morning, I look at the sun rising, it appears in the 
East; at noon it has travelled to the South; and rn the 
evening I see it set in the western part of the heavens. 

Ja. Yes; and we observed the same last night (March tl^ 
first) with respect to Arctarm ; for, about eight o’clock, it 
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kad just risen in the north-west part of the heavens, and when 
we went to bed, two hours after, it had ascended a con- 
sidorable height in the heavens, evidently travelling towards 
the West. 

Fa. It cannot be denied that the heavenly bodies appear to 
rise in the East and set in the West; but the appearance 
be the same to us, whether those bodies revolve about the 
earth while that stands still, or they stand still while the earth 
turns on its axis the contrary way. 

Ch. Will you explain this. Papa? 

Fa. Suppose greb (fig. 5.) to represent the earth, t the 
centre on which it turns from West to East, according to the 
order of the letters greb. If a spectator, on the surface of 
the earth at r, see a star at A, it will appear to him to have 
just risen. If, now, the earth be supposed to turn on its axis 
a fourth part of a revolution, the spectator will be carried 
from r to c, and the star will be then just over his head. 
When another fourth part of the revolution is completed, the 
spectator will be at b; and to him the star at h will be 
setting, and will not be visible again till he arrives, by the 
rotation of the earth, at the station r. 

Ch. To the spectator, then, at r, the appearance would be 
the same, whether he turned with the earth into the situation 
A, or the star at h had described, in a contrary direction, the 
space hzo in the same time. 

Fa. It certainly would. 

Ja. But if the earth really turned on its axis, should we 
not perceive the motion? 

'Fa. The earth, in its diurnal rotation, being subject to no 
impediments by resisting obstacles, its motion cannot affect 
the senses. In the same way ships on a smooth sea are fre- 
quently turned entirely round by the tide, without the know- 
ledge of those persons who happen to be busy in the cabin or 
between the decks. 

Ch, That is because they pay no attention to any other 
object but to those about the vessel in which they are; and 
every part of which moves with themselves. 

Ja. But if, while the ship is turning without their know- 
ledge, they happen to be looking at fixed distant objects, what 
wiU be the appearance? 

Fa. To them those objects which are at rest will appear to 
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be turning round the contrary way. In the same manner we 
are deceived in the motion of the earth round its axis; for if 
we attend to nothing but what is connected with the earth, 
we cannot perceive a motion of which we partake ourselves; 
and if we fix our eyes on the heavenly bodies, the motion of 
the earth being so easy, they will appear to be turning in a 
contrary direction to the real motion of the earth. 

Ch, I have sometimes seen a sky-lark hovering and singing 
over a particular field for several minutes together: now, if the 
earth is continually in motion while the bird remains in the 
same part of the air, why do we not see the field, over which 
he first ascended, pass from under him? 

Fa, Because the atmosphere, in which the lark is sus- 
pended, is connected with the earth, partakes of its motion, 
and carries the lark along with it; and, tlierefore, indepen- 
dently of the motion giyen to the bird by the exertion of its 
wings, it has another, in common with the earth, yourself, 
and all tilings on it; and, thus being common to us all, we 
have no means of ascertaining it by the senses. The rotation 
of the earth on its axis, the smoothness of its motion, and its 
efiect on the atmosphere, are described by Milton in three 
lines— 

That spinning sleeps 

On her soft axle as she paces even. 

And bears us swift with the smooth air along. 

Ja, Though the motion of a ship cannot be observed 
without objects at rest to compare with it, yet I cannot help 
thinking that if the earth moved we should be able to dis- 
cover it by means of the stars, if they are fixed. 

Fa, Do you not remember once sailing very swiftly on the 
river, when you told me that you thought all the trees, houses, 
&c. on its banks were in motion? 

Ja, I now recollect it well; and I had some difficulty in 
persuading myself that it was not so. 

Ch, This brings to my mind a still stronger deception of 
this sort. When travelling with great speed on a railroad, or 
in a coach, 1 can scarcely help thinking, but that the trees 
and hedges are running away from us, and not we from them. 

Fa, I will mention another curious instance of this kind. 
If you ever happen to travel rather swiftly on a railway, by 
the side of a field ploughed into long narrow ridges, which 
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kpa perpendieakr to the itols, you will think th«t all the 
sidges are turning round in a di^ction contrary to that of the 
carriage. These facta may satisfy you that the appear- 
ances will be precisely the same to ua^ whether the earth 
turn on its axis fh>in West to East» or the sun and stars 
move from East to West 

Ja. They do so: but which is the most natural condusiari? 
JFa. This you shall determine for yoursdf. If the earth 
;(6g. 4.) turns on its axis in 24 hours, at what rate will any 
part of the equator a b move? 

Ck. To determine this we must find the measure of its 
circumference, and then dividing this by 24, we shall get the 
number of miles passed through in an hour. 

Fa. Just so. Now, call the semi-diameter of the earth 
4000 miles, which is rather more than the true measure. 

Ja. Multiplying this by six* will give 24,000 miles for the 
circumference of the earth at the equator; and this divided 
by 24 gives 1000 miles for the space passed through in an 
hour on that line. 

Fa. You are right. Now the sun, I have already told you, 
is 95 millions of miles distant firom the earth. Tell m^ 
therefore, Charles, at what rate that body must travel to go 
round the earth in 24 hours. 

Ch. I will: 95 millions multiplied by six, will give 570 
xuillions of miles for the length of his circuit: this divided by 
24 gives nearly 24 millions of miles for the space he must 
travel in an hour to go round the earth in a day. 

Fa. Which, now, is the more probable concluMon— either 
that the earth should have a diurnal motion <m its axis of 
1000 miles in an hour, or that the sun, which is a million of 
times larger than the earth, should travel 24 millions of miles 
in the same time? 

Ja. It is certainly more rational to conclude that the earth 
turns on its axis; the effect of which, you told us, was the 
alternate succession of day and night. 

• Tb be acenrate in the ealesUitiQa, the meaa radhia of the eartit must be 
at XBileB ; aud this multiplied by 6.28318. will give 24,907 miles for the 
cxroumfereace. Through the remainder of this work, the di^cimals in Hiultipliea* 
tion are omitted, in order that the mind may not be burdened with fractions. 

It seemed ncceesaiy, however, hi this plaee to gire the true semi diameter of the 
earth, and the Bsmber (accurate ta fire places of decimals) by which, if thd 
radius of any eirole be multiplied, the drcumlbrtneels obtained. 
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Fa, I did. HsTiiig now fonned some notion of the manner 
in which the earth moves, we shall easily conceive the 
motions of all the rest of the jfdfinets, and by that means 
obtain a complete idea of the order economy of the whole 
** SYSTEM.** And in order to comprehend this readily, 
nothing more is necessary than to consider the common ap- 
pearauccs of the heavens, which are constantly presented to 
our view, and attend to the results. 

Besides this motion of the earth, which is called its daify 
motion^ which is the cause of day and night, it has another, 
called its annual or ycor/y motion, which occasions the various 
vicissitudes of the seasons; viz. winter^ spring^ summer^ and 
autumn. And the proofs of this second motion may be easily 
gathered from celestial appearances, in nearly the same 
manner as the former. On this and some other points con- 
nected with the subject, we will enlarge in our next conver- 
sation. 

QUESTIONS FOR EXAMINATION. 


Repeat the facts adduced in proof 
of the giobnlar shape of the earth. — 
Has the earth any motion of its own ? 
— What are the natural appearances 
with regard to the heavenly bodies ? — 
Can you by fig. ft, show me that the ap- 
pearance will be the same to us whe- 
ther those bodies revolve round the 
earth, or the earth turn about on its 
axis ? — Why do we not perceive the 
motion of the earth ? — What will be 
the appearance of distant objects to a 
person standing hi a ship while the 
vessel is turning about? — Why does ; 


not a particnlar spot of the eajrth ap- 
pear to move from under a lark which 
is apparently stationary in the air. or 
nearly so?— ‘What are Milton’s hues 
on the motion of the earth ? — Do you 
recollect any deceptions in the sight 
with regard to moving objects ? — With 
what velooify does the equator move in 
the dkimal moticm of the earth ? — If 
the sun goes round the earth in 24 hours, 
at what rate must he travel? — What 
is the effect of the earth*! turning on 
its axis? 


CONVERSATION VIIL 


OF DAY AND NIGHT. 


James. You are now, Papa, going to apply 
the rotation of the eartb almut its axis to the 
succession of day and night, are you not? 

Fa. Yes; and for this purpose, suppose 
grcbixi be the earth, revolving on its axis, 
according to the order of the letters; that is, 
from p to r, r to c, &c. If the sun be fixed 
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in the heavens at Zy and a line, ho be drawn through the 
centre of the earth t, it will represent that circle, which, 
when extended to the heavens, is called the rational horizon. 

Ch. In what does this differ from the sensible horizon ? 

Fa. The sensible horizon is that circle in the heavens 
which bounds the spectator’s view, and which is greater or 
less according to his relative position. For example: — an eye 
placed at five feet above the surface of the earth, sees 2| miles 
every way: but if it be at 20 feet high, that is, 4 times th 
height, it will see 5^ miles, or twice the distance. 

Ch, Then the sensible horizon differs from the rational in 
this; that the former is seen from the surface of the earth, 
and the latter is supposed to be viewed from its centre. 

Fa. You are right: and the rising and setting of the sun 
and stars are always referred to the rational horizon. 

Ja. Why so? They appear to rise and set as soon as they 
get above, or sink below, that boundary which separates the 
visible from the invisible part of the heavens. 

Fa. They do not, however: and the reason is this; that 
the distance of the sun and fixed stars is so great in com- 
parison of 4000 miles, (the difference between the surface and 
centre of the earth,) that it can scarcely betaken into account. 

Ch. But 4000 miles seem to me an immense space. 

Fa. Considered individually it is so; but when compared 
with 95 millions of miles, the distance of the sun from the 
earth, the distance is comparatively nothing. 

Ja. But do the rising and setting of the moon, which is at 
the distance of 240 thousand miles, have respect also to the 
rational horizon? 

Fa. Certainly: for 4000 compared with 240 thousand, 
bear only the proportion of 1 to 60. Kow, if two spaces 
were marked out on the earth in different directions, the one 
60 and the other 61 yards, should you at once be able to dis- 
tinguish the greater from the less? 

Ch. I think not. 

Fa. Just in the same manner does the distance of the 
centre from the surface of the earth vanish in comparison of 
its distance from the moon, with a slight exception, which 
we shall explain hereafter. 

Ja. We must not, however, forget the succession of dav 
and night. 
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la. Well, then; if the snn be supposed at z, it will illumi- 
nate by its rays all that part of the earth that is above the 
horizon, Ao : to the inhabitants at g, its western boundary, it 
will appear just rising: to those situated at r, it will be noon ; 
and to those in the eastern part of the horizon, c, it will be 
setting. 

Ch I see clearly why it should be noon to those who live 
at r, because the sun is just over their heads; but it is not so 
evident that the sun must appear rising and setting to those 
who are at g and c. 

Fa. You are satisfied that a spectator cannot, from any 
place, observe more than a semi -circle of the heavens at any 
one time. Now what part of the heavens will the spectator 
at g observe? 

Ja. He will see the concave hemisphere zon. 

Fa. The boundary to his view will be n and z : will it not? 

C?i. Yes; and consequently the sun at z will to him be. 
just coming into sight. 

Fa. Then, by the rotation of the earth, the spectator at g 
will in a few hours come to r, when, to him, it will be noon; 
and those who live at r will have descended to c. Now, 
what part of the heavens will they see in this situation? 

Ja. The concave hemisphere nkz ; and z being the boun- 
dary of their view one way, the sun will to them be setting. 

Fa. Just so. After which they will be turned away from 
the sun, and consequently it will be night to them till they 
come again to g. Thus, by this simple motion of the earth 
on its axis, every part of it by turns is enlightened and 
warmed by the cheering beams of the sun. 

Ch. Then I perceixe that as the sun retires in the even- 
ing, his light gently fades away in the west, and night suc- 
ceeds with all her myriads of stars. If vre follow the course 
of the stars, we see them also rising in the east, and moving 
in regular succession acioss the heavens to the west, where, 
one by one, they set and disappear. This solemn proces- 
sion vontinues for several hours, till at length the morning 
light again begins to dawn, and another day succeeds, llius all 
the heavenly bodies appear to our senses to move regularly 
round the earth once in 24 hours. 'I'his, however, is only in 
appearance, for in reality the sun and stars are stationary, 
and day and night are caused by the revolution of the eai’th 

K 
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round her own axis, once in 24 hours, as before explained. 
Does this motion of the earth account also for the apparent 
motion of the fixed stars? 

Fa. It is owing to the revolution of the earth round its 
axis that we imagine that the whole starry firmament re- 
volves about the earth in 24 hours. 

Ja. If the heavens appear to turn on an axis, must there 
not be two points; namely, the extremities of that imaginary 
axis, which always keep their position? 

Fa. Yes; we must be understood to except the two celes- 
tial poles, which are opposite to the poles of the earth; con- 
sequently, each fixed star appears to describe a greater or a 
smaller circle round these, according to its distance from those 
celestial poles. This motion of the earth may be familiarly 
illustrated by passing a wire for an axis through an orange, 
or any round body; then hold it before a lamp, so that the 
light may shine equally on both poles at once. The side to- 
wards the lamp will represent day, the other, being in the 
shadow of its own body, will represent night 

If the globe or orange be turned round on its axis, it will 
be seen that one part of the surface is constantly passing out 
of its own shadow into the light, which represents morning, 
or the rising of the sun; the opposite side, as it passes out of 
the light into the dark part, represents evening, or the setting 
of the sun. By this explanation it is readily shown why the 
heavenly bodies appear to move round the earth, rather than 
the earth’s turning on its own axis. 

Ch. When we turn from that hemisphere in which the sun 
is placed, do we immediately gain sight of the other, in which 
the stars are situated? 

Fa. Every part of the heavens is beautified with these 
glorious bodies, both the hemisphere where the sun is, and 
that where he is not. 

Ja. If every part of the heavens be thus adorned, why do 
we not see them in the day time as well as in the night? 

Fa. Because, in the day time, the sun’s rays are so power- 
ful, as to render those coming from the fixed stars invisible. 
But if you ever happen to go down into any very deep mine, or 
coal-pit, where the rays of the sun cannot reach the eye, and 
it be a clear day, you may, by looking up to the heaven)^ see 
the stars at noon as well as in the night. 
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C%. If the earth always revolves on its axis in 24 hours, 
why does the length of the days and nights differ in different 

seasons of the year? 

Fa- This depends on other causes connected with the 
earth’s annual journey round the sun, upon which we will 
conv*"'rse the next time we meet* 


QUESTIONS FOR EXAMINATION. 


Expluin. by means of flg. 5, how the 
rotation of the earth upon its axis pro- 
duces day and night. — What is the 
sensible horizon, and upon what does 
its extent depend ? — What is the 
rational horizou, and what does it differ 
from the sensible ? — To which of these 
do the rising and setting of the stars 
depend, and why ? — Why does the 
distance of the centre from the surface 
of the earth appear to vanish in com- 
parison of its distance from the moon 
and other heavenly bodies ? — Turn to 
the figure : When the sun is at ar, which 
part of the earth will be illuminated by 
its rays ? — To what part of the earth 


will it be rising, and to what other part 
will it be setting ? — Explain the 
reasons of this. — What is the conse- 
quence of the earth’s diurnal motion ? 
Will the motion of the earth account 
for the apparent motion of the fixed 
stars ? — Round what points in the 
heavens do the fixed stars appear to 
move ? — What is the occasidh of night ? 
Are there stars in every part of the 
heavens? — Repeat Dr. Young’s lines 
on this subject. — Why are the stars 
above us invisible in the day? — Is 
there any mode of getting a glimpse of 
the stars by day ? 


CONVERSATION IX. 

OF THE ANNUAL MOTION OP THE EARTH. 

Father, Besides the diurnal motion of the earth, by which 
the succession of day and night is produced, it has another, 
called its annual motion ; which is the journey it performs 
round the sun in 365 days, 5 hours, 48 minutes, and 49 
seconds. 

Ch, Are the different seasons to be accounted for by this 
motion of the earth? 

Fa, Yes; it is the cause of the different lengths of the days 
and nights, and consequently of the different seasons; viz. 
Spring, Summer, Autumn, and Winter, 

Ja, How is it known that the earth makes this annual 
journey round the sun? 

Fa, I told you in our last conversation, that through the 
shaft of a very deep mine, the stars are visible in the day as 
well as in the night, as they are also by means of a telescope 
properly fitted for the purpose ; so that in this way the sun 
" k2 
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and stars may be made visible at the same time. Now, if the 
sun be seen in a line with a fixed star to-day, at any particular 
hour, it will, in a few weeks, by the motion of the earth, be 
found considerably to the East of him : and if the observa- 
tions be continued through the year, we shall be able to trace 
him round the heavens to the same fixed star from which we 
set out; consequently, the sun must have made a journey 
round the earth in that time, or the eai*th round him. 

CA. And the sun, being a million of times larger than the 
earth, you will say that it is more natural that the smaller body 
should go round the larger than the reverse. 

JFh. That is a very good argument; and it may be stated in 
a much stronger manner. The sun and earth mutually attract 
one another ; and, since they are in equilibrium by this at- 
traction, you know, that their momenta must be equal:* there- 
fore the earth, being the smaller body, must make up by its 
motion what it wants in the quantity of its matter; and, of 
course, it must be that which performs the journey. 

Ja* But if you refer to the principle of the lever to explain 
the mutual attraction of the sun and earth, it is evident, that 
both bodies must turn round some point as a common centre. 

Fa, And that is the centre of gravity w'hich is common 
to the two bodies. Now, this point between the earth and sun 
is within the surface of the latter body. 

Ch, 1 understand how this is: because the centre of gravity 
between any two bodies must be as much nearer to the centre 
of the larger body than the smaller, as the former contains a 
greater quantity of matter than the latter ' • 

Fa, You are riglit : but you will not conclude that, because 
the sun is a million of times larger tlian the earth, it therefore 
contains a quantity of matter greater by a million of times 
than that contained in the earth. 

Ja, Is it then known that the earth is composed of matter 
more dense than that which composes the body of the sun? 

The earth is composed of matter four times denser than 
that af the sun; and hence the quantity of matter in the sun is 
between two and three hundred thousand times greater than 
that which is contained in the earth. 

Ch, Therefore, for the momenta of these two bodies to be 


» See Conversation XIV. 
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equal, the velocity of the earth must be between two and three 
hundred thousand times greater than that of the sun# 

Fa. It must: and to effect this, the centre of gravity between 
the sun and earth must be so much nearer to the centre of the 
sun, than it is to the centre of the earth, as the former body 
contains a greater quantity of matter than the latter: and hence 
it is found to be several thousand miles within the surface of 
the sun. 

Ja. I now clearly perceive that, since one of thesf bodies 
revolves about the other in the space of a year, and that they 
both move round their common centre of gravity, it must of 
necessity be the earth which revolves round the sun, and not 
the sun round the earth. Yet how is it that the sun by its 
attractive force does not draw the earth into itself ? 

Fa, This circular motion of the earth is produced by two 
forces: which counteract each other in just proportions. The 
centripetal attraction draws it to the sun, and the projectile or 
centrifugal force carries it from the sun, so that it takes its 
path between the two, as would be illustrated by the diagonal 
of a parallelogram: but the continued action of these forces 
produces that orbit which we term circular, or more properly 
elliptical. To suppose moreover that the sun moves round 
the earth is too absurd to be admitted by any one of com 
mon capacity or understanding. 


QUESTIONS FOR EXAMINATION. 


Has the earth any other motion be- 
sides that round its axis ? — How arc 
the seasons of winter and summer to be 
accounted for i — Can you tell me how* 
it is ascertained that the earth makes 
this annual journey round the sun? — 
Can the same thing be proved by the 
mutual attraction of the earth and sun ? 
— Do they turn round any common 


point, and what is that called? — Is 
the matter of the earth or sun the more 
dense, and in what proportion ? — In 
what proportion is the quantity of mat- 
ter greater in the sun than it is in the 
earth? — How much swifter, then, 
should the motion of the earth be than 
that of the sun ? 


CONVERSATION X. 

OF THE SEASONS. 

Father, I will now show you how the different seasons are 
produced by the annual motion of the earth. 

Ja, Upon what do they depend, Papa? 
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The variety of the seasons depends upon the length 
of the days and nights, and upon the position of the ea^^ 
with respect to the sun. 

CA. But if the earth turn round its imaginary axis every 
24 hours, ought it not to enjoy equal days and nights all the 
year? 

Fa. This would be the case if the axis 
of the earth, ns, were perpendicular to 
a line, ce, drawn through the centres of 
the sun and earth; for then, as the sun 
always enlightens one half of the earth by 
its rays; and as it is day, at any given place on the globe, so 
long as that place continues in the enlightened hemisphere,* 
every part, except the two poles, must, during its rotation on 
its axis, be one half of its time in the light and the other 
half in darkness: or, in other words, the days and nights 
would be equal to all the inhabitants of the earth, excepting 
to those who may be living at the poles. 

Ja. Why do you except the inhabitants at the poles? 

Fa. Because the view of the spectator, situated at the poles 
N and s, must be bounded by the line c e; consequently to him 
the sun would never appear to rise, or set, but would always 
be in the horizon. 

Ch. If the earth were thus situated, would the rays of the 
sun always fall vertically on the same part of it? 

Fa. They would: and that part would be e q, the equator; 
and, as we shall presently show, the heat generated by the 
sun, being greater or less in proportion as its rays fall more 
or less perpendicularly upon any body, the parts of the earth 
about the equator would be scorched up, while those between 
40 and 50 degrees on each side of that line and the poles would 
be desolated by an unceasing winter. 

Ja. In what manner is this prevented ? 

Fa. By the axis of the earth, n s, being 
inclined about 23 degrees and a half out 
of the perpendicular, as it is described by 
Milton. ’’ 

. . . . He bade his angels turn askance 
The poles of earth twice ten degrees and more 
From the sun’s axle. 

Ih this case you observe that all the parallel circles, except the 
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equator, are divided into two unequal parts, having a greater 
or less portion of their circumferences in the enlightened than 
in the ‘laHcened hemisphere, according to their situation with 
respect to n, the north, or s, the south pole. 

Ch, At what season of the year is the earth represented in 
♦his figure? 

Fa, At our summer season : for you observe that the parallel 
circles in the northern hemisphere have their greater parts 
enlightened, and their smaller parts in the dark. If D l 
represent that circle of latitude on the globe in which Great 
Britain is situated, it is evident that about two thirds of it are 
in the light, and only one third in darkness. 

You will remember ihsX parallels of latitude are circles on 
the surface of the earth, or its representative, the terrestrial 
globe, drawn parallel to the equator. 

Ja, Is that the reason why our days, towards the middle of 
June, are 16 hours long, and the nights but 8 hours? 

Fa, It is: and if you look to the parallel next beyond that 
marked d l, you will see a still greater disproportion between 
the day and night, and the parallel, n, more north than this, is 
entirely in the light. 

Ch, Is it, then, day there entirely? 

Fa, To the whole space between that and the pole it is 
continual day for some time; the duration of which is in pro- 
portion to its vicinity to the pole; and at the pole there is 
permanent day -light for six months together. 

Ja. And during that time it must, I suppose, be night to 
the people who live at the south pole? 

Fa, Yes: the figure shows that the south pole is in dark- 
ness; and you may obferve that, to the inhabitants living in 
equal parallels of latitude, the one north, and the other south, 
the length of the days to the one will be always equal to the 
length of the nights to the other. 

Ch, What then shall we say of those who live at the equator, 
and consequently have no latitude? 

Fa. To them the days and nights are always equal, and of 
course twelve hours each in length: and this is also evident 
from the figure; for, in every position of the globe, one half 
of the equator is in the light and the other half in dark- 
ness'. 

Ja, If, then, the length of the days is the cause of the dif- 
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ferent seasons, there can be no variety in this respect to those 
who live at the equator. 

Fa^ You seem to forget that the change in the seasons 
depends upon the position of the earth with respect to the sun; 
thdt is, upon the perpendicvlarity "with which the rays of light 
fall upon any particular part of the earth, as well as upon the 
length of the days. 

Ch, Does this make any material difference with regard to 
the heat of the sun? A 

Fa, It does. Let ab represent a portion 
of the earth’s surface, on which the sun’s 
rays fall perpendicularly: let bc represent 
an equal portion, on which they fall ob-tf" 
liquely or aslant. It is manifest that bc, 
though it be equal to ab, receives but half the light and 
heat that ab does. Moreover, by the sun’s rays falling 
more perpendicularly, they come with greater force, as well 
as in greater numbers, on the same place. 



Fig. 8. 


QUESTIONS FOE EXAMINATION. 

Upon what do the different seasons this by fig. 7. — Why are our days in 


depend? — Why does not the earth 
enjoy equal days and nights all the 
year, and under what circumstances 
would that be the case ? — Why arc the 
people at the poles excepted? — In 
what case would the rays of the sun 
fall vertically on a particular part of 
the earth ? — Would that be advanta- 
geous or otherwise to the earth ? — How 
much is the axis of the earth inclined 
from the perpendicular? — Explain 


summer 1C hours long, and in winter 
only 8 ? — To whom is this difference 
still greater ? — To what parts of the 
earth are there six months day and six 
months night ? — To what parts of the 
earth are the days and nights always 
equal ? — Upon what does the change 
in the seasons depend ? — Show me by 
fig. 8, how the heat of the sun differs by 
the mode of its falling upon any par- 
ticular place. 


CONVERSATION XL 

OF THE SEASONS — continued. 

Father, Let us now take a view of the earth in its annual 
course round the sun, considering its axis as inclined 23^ 
degrees to a line perpendicular to its orbit, and keeping, 
through its whole journey, a parallel direction, and you will 
find, that according to the situation of the earth in different 
parts of its orbit, ^e rays of the sun are presented perpen- 
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dicularly to the equator, and to everj point of the globe, 
within 23 J degrees of it, both North and South. 

Thi.>4 figure (fig. 9) represents the eai'th in four different 
parts of its orbit, or as it is situated with respect to the sun 
in the months of March, June, September, and December. 

Ch. The earth’s orbit is not made circular in the figure. 

Fa, It is nearly circular: but you are supposed to view it 
from the side bd; and therefore, though almost a circle, it 
appears to be a long ellipse. All circles appear elliptical in an 
oblique view, as is evident by looking obliquely at the rim of 
a basin, at some distance from you. For the true figure of a 
circle can only be seen when the eye is directly over its centre. 
You observe that the sun is not in the centre. 

Ja. I do: and it appears nearer to the earth in the winter 
than in the summer. 

Fa, We are, indeed, more than three millions of miles 
nearer to the sun in December than we are in June. 

Ch, Is this possible? and yet our winter is so much colder 
than the summer. 

Fa, Notwithstanding this, it is a well-known fact: for it is 
ascertained that our summer (that is, the time that passes 
between the vernal and autumnal equinoxes) is nearly eight 
days longer than our winter, or the time between the autumnal 
and vernal equinoxes. Consequently, the motion of the earth 
is slower in the former case than in the latter; and therefore, 
as we shall see, it must be at a greater distance from the sun. 
Again, the sun’s apparent diameter is greater in our winter 
than in summer; but the apparent diameter of any object in- 
creases in proportion as our distance from the object is di- 
minished; and therefore we conclude that we are nearer the 
sun in winter than in summer. The sun’s apparent diameter 
in winter is 32' 35"; in summer 31' 30". 

Ja But if the earth is further from the sun in summer than 
in winter, why are our winters so much colder than our 
summers? 

Fa, Because, first, in the summer, the sun rises to a much 
greater height above our horizon, and therefore its rays coming 
more perpendicularly, more of them, as we showed you yester- 
day, must fall upon the surface of the earth, and come also 
with greater force; which is the principal cause of our greater 
summer heat. Secondly, in summer the days are very long, 
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aad the nights short; therefore the earth and air are heated 
bj the sun in the day for a longer period than they are cooled 
in the night. 

Ja. Why have we not, therefore, the greatest heat at the 
time when the days are longest? 

Fa, The hottest season of the year is certainly a month or 
two after that time: which may be thus accounted for: a body 
once heated does not grow cold again instantaneously, but 
gradually: now, as long as more heat comes from the sun in 
the day than is lost in the night, the heat of the earth and 
air will be daily increasing: and this must evidently be the 
case for some weeks after the longest day, both on account 
of the number of rays which fall on a given space, and also 
from the perpendicular direction of those rays. 

Ja, Will you now explain to us in what manner the change 
of seasons is produced? 

Fa, By refer- 
ring to the figure 
you will observe, 
that in the month 
of J une the north- 
pole of the earth 
inclines towards 
the sun, and con- 
sequently brings 
all the northern 
parts of the globe 
more into light 
than at any other 
time in the year. 

Ch, Then to the people in those parts it is summer. 

Fd, It is: but in December, when the earth is in the opposite 
part of its orbit, the north pole declines from the sun, which 
occasions the northern places to be more in the dark than in 
the light; and the reverse at the southern places. 

Ja, Is it then summer to the inhabitants of the southern 
hemisphere? 

Fa, Yes, it is; and winter to us. In the months of March 
and September, the axis of the earth does not incline to, nor 
decline from, the sun, but is perpendicular to a line drawn 
from its centre. And then the poles are in the boundary of 
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light and darkness, and the sun being directlj vertical to, or 
over, the equator, makes equal day and night at all places. 
Now trace the annual motion of the earth in its orbit for 
yourselfi as it is represented in the figure. 

Cii, I will. Papa. About the 20th of March the earth is in 
libra, md consequently to its inhabitants the sun will appear 
in Aries, and be vertical to the equator. 

Fa, And then the equator, and all its parallels, are equally 
divided between the light and dark. 

CA Consequently the days and nights are equal all over 
the world. As the earth pursues its journey from March to 
June, its northern hemisphere comes more into light; and on 
the 21st of that month, the sun is vertical to the tropic of 
Cancer. 

Fa. And you then observe, that all the circles parallel to 
the equator are unequally divided; those in the northern half 
have their greater parts in the light, and those in the southern 
half have their larger parts in darkness. 

Ch. Yes; and of course it is summer to the inhabitants of 
the northern hemisphere, and winter to the southern. 

I now trace it to September, when 1 find the sun vertical 
again to the equator, and of course, the days and nights are 
again equal; and following the earth in its journey to Decern-, 
her, or when it has arrived at Cancer, the sun appears in 
Capricorn, and is vertical to that part of the earth called the 
tropic of Capricorn; and now the southern pole is enlightened, 
and all the circles on that hemisphere have their larger parts 
in light; and, of course, it is summer to those parts, and winter 
to us in the northern hemisphere. 

Fa. Can you, James, now tell me, why the days lengthen 
and. shorten, from the equator to the polar circles, every 
year? 

Ja. I will try: because the sun in March is vertical to the 
equator; and from that time to the 21st of June it becomes 
vertical successively to all other parts of the earth between 
the equator and the tropic of Cancer; and, in proportion as it 
becomes vertical to the more northern parts of the earth, it 
declines from the southern, and consequently, to the former 
the days lengthen, and to the latter they shorten. From June 
to September the sun is again vertical successively to all the 
same parts of the earth, but in a reverse order. 
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Ch. Since it is summer to all those parts of the eaith where 
the sun is vertical, (and we find that the sun is vertical twice 
in the year to the equator and to every part of the globe 
between the equator and tropics) there must be also two 
summers in a year to all those places. 

Fa, There are: and in those parts near the equator, they 

have two harvests every year. But let your brother finish 

his description. 

Ja, From September to December, it is successively ver- 
tical to all the parts of the earth situated between the equator 
and the tropic of Capricorn, which is also the cause of the 
‘lengthening of the days in the southern hemisphere, and of their 
becoming shorter in the northern. 

Fa, Can you, Charles, tell me "why there is sometimes 
neither day nor night, for some little time, within the polar 
circles? 

Ch. The sun always shines upon the earth 90 degrees every 
way; and when he is vertical to the tropic of Cancer, which 
is 23^ degrees north of the equator, he must shine the same 
number of degrees beyond the pole, cr to the polar circle; 
and while he thus shines, there can be no night to the people 
within that polar circle; and, of course, to the inhabitants at 
the southern polar circle, there can be no day at the same time; 
for, as the sun’s rays reach but 90 degrees every way, they ^ 
cannot shine far enough to reach them. 

Fa. Tell me now, why there is but one day and night in the 
whole year at the poles? 

Ch, For the reason which I have just given, the sun must 
shine beyond the north pole all the time he is vertical to those 
parts of the earth situated between the equator and the tropic 
of Cancer; that is, from March the 21st, to September the 
20th, during which time there can be no night at the north 
pole, nor any day at the south pole. The reverse of this may 
be applied to the southern pole. 

Ja. 1 understand now, that the lengthening and shortening 
of the days, and the different seasons, are produced by the 
annual motion of the earth round the sun; the axis of the 
earth, in all parts of its orbit, being kept parallel to itself. 
But, if thus parallel to itself, how can it, in all positions, 
point to the polar star in ithe heavens? 

Fa, Because the diameter of the earth’s orbit, a c, is nothing 
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in comparison with the distance of tht earth from the fixed 
stars. Suppose you draw two parallel lines at the distance 
of three or four yards from one another, will they not both 
point to the moon when she is in the horizon? 

Ja, Three or four yards cannot be accounted as anything, 
in comparison with 240 thousand miles, the distance of the 
moon from us. 

Fa, Perhaps, three yards bear a greater proportion to 240 
thousand miles than 190 millions of miles bear to our distance 
from the polar star. 

QUESTIONS FOE EXAMINATION. 

Explain to me what is intended by i casions. — Do the same with regard to 
fig. 9. — Is the orbit of the earth cir- j December. March, and September. — 
cular? — How is the sun situated with Why do the days lengthen and shorten 
regard to the earth’s orbit?— Are we every year from the equator? — Where 
nearer to the sun in the summer or in are there two harvests in a year?— 
the winter? — How is it proved? — Why is there sometimes no day nor 
Why is the wnter colder than the night for a certain number of days or 
summer ? — Which is the hottest time .reeks or months within the polar cir- 
of the year, and why is it so?— Refer cle?— Why is there but one day and 
to the figure, and tell me the position of | one night in a year at the poles ? 
the earth in June, and what that oc> > 


CONVERSATION XII. 

OF THE EQUATION OP TIME. 

Father, You are now, I presume, acquainted with the 
motions peculiar to the globe on which we live? 

Ch, Yes, I think so; it has a rotation on its axis from West 
to East every 24 hours; by which day and night are pro- 
duced, and also the apparent diurnal motion of the heavens 
from East to West. 

Ja, The other is its annual revolution in an orbit round 
the sun, likewise from West to East, at the distance of 95 
millions of miles from the sun. 

Fa, You understand also in what manner this annual mo- 
tion of the earth, combined with the inclination of its axis, is 
the cause of the variety of the seasons; and therefore we will 
now proceed to investigate another curious subject, viz. the 
equation of time; and I will endeavour to explain to you the 
difference between equal and apparent time. 
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C%. Will you tell us what you mean by the words equal 
sad apparent^ as applied to time? 

Fa, Equal time is measured by a clock, that is supposed 
to go without any variation, and to measure exactly 24 hours 
from noon to noon; and apparent time is measured by the 
apparent motion of the sun in the heavens, or by a good 
sun-dial. 

- Ch, And what do you mean, Papa, by the equation of 

Fa, It is the adjustment of the difference of time, as shown 
by a well-regulated clock and a true sun-dial: or, astronomi- 
cally speaking, the difference in mean solar time between the 
true or apparent right ascension of the sun, and its mean 
right ascension. 

Ja, Upon what does this difference depend? 

Fa, It depends, first, upon the inclination of the earth’s 
axis, and, secondly, upon the elliptic form of the earth’s 
orbit; for, as we have already seen, the earth’s orbit being an 
ellipse, its motion is quicker when it is in periheliony or 
nearest to the sun; and slower when it is in aphelion^ or fur- 
thest from the sun. Perihelion is derived from two Greek 
words, peri ‘‘ near,” and helios (^Xeoc) the sun:” 

aphelion likewise from aph (a<p, for ctTro) ‘‘ from,” and helios, 
“ the sun.” 

Ch, But I do not yet comprehend what the rotation of the 
earth has to do with the going of a clock or watch. 

Fa, The rotation of the earth is the most equable and 
uniform motion in nature, and is completed in 23 hours, 56 
minutes, and 4 seconds. This space of time is called a side- 
real day ; because any meridian off the earth will revolve 
from a fixed star to that star again in this time. But a solar 
or natural day, which our clocks are intended to measure, is 
the time which any meridian on the earth will take in revolv- 
ing from the sun to the sun again; which is about 24 hours, 
sometimes a little more, but generally less. 

Ja, What occasions this difference between the solar and 
the sidereal day? 

Fa, The distance of the fixed stars is so great, that the 
diameter of the earth’s orbit, though it be 190 millions of 
miles, when compared with it, is but a point; and therefore 
any meridian on the earth will revolve from a fixed star to 
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that star again in exactly the same time as if the earth had 
only a diurnal motion, and remained always in the same part 
of its orbit. But, with respect to the sun, as the earth ad- 
vances almost a degree eastward in its orbit, in the same time 
that it turns eastward round its axis, it must make more than 
a complete rotation before it can come into the same position 
again with the sun which it had the day before. In the same 
way, as when both the hands of a watch or clock set oiF to- 
gether at 12 o’clock, the minute-hand must travel more than 
a whole circle before it will overtake the hour-hand; that is, 
before they will be in the same relative position again. Thus 
the sidereal days are shorter than the solar by about four 
minutes, as is evident from observation. 

6%. Still I do not understand the reason why the clocks and 
dials do not agree. 

Fa, A good clock is intended to measure that equable and 
uniform time which the rotation of the earth on its axis ex- 
hibits; whereas the dial measures time by the apparent 
motion of the sun, which, as we have explained, is subject to 
variation. Or thus: though the earth’s motion on its axis be 
perfectly uniform, and consequently the rotation of the equator 
(the plane of which is perpendicular to the axis) or of any 
other circle parallel to it, be likewise equable, yet we measure 
the length of the natural day by means of the sun, whose 
apparent annual motion is not in the equator, or any of its 
parallels, but in the ecliptic, which is oblique to it. 

Ja, Do you mean by this, that the equator of the earth, in 
its annual journey, is not always directed towards the centre 
of the sun? 

Fa, I do: twice only in the year, a line drawn from the 
centre of the sun to that of the earth passes through those 
points where the equator and ecliptic cross one another: 
at all other times it passes through some other part of that 
oblique circle which is represented on the globe by the ecliptic 
line. Now, when it passes through the equator or the tropics, 
which are circles parallel to the equator, the sun and clocks 
go together as far as regards this cause; but at other times 
they differ, because equal portions of the ecliptic pass over 
the meridian in unequal parts of time, on account of its 
obliquity. 

Ch, Can you explain this by a figure? 
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Fa, It is easily shown by the globe 
which this figure <y> n lii: s may repre- 
sent: rr ^ will be the equator, Z 5 ofy 

the northern half of the ecliptic, and 
(V ^ the southern half. Make slight 
pencil marks a, 6, c, d, e^f, A, all round 
the equator and ecliptic^ at equal dis- 
tances (suppose 20 degrees) from each 
other, beginning at Aries. Now, by 
turning the globe on its axis, you will Fig. lo. 

perceive that all the marks in the first quadrant of the ecliptic 
(that is, from Aries to Cancer) come' sooner to the brazen me- 
ridian than their corresponding marks on the equator : — those 
from the beginning of Cancer to Libra come later : — ^those 
from Libra to Capricorn sooner : — and those from Capricorn 
to Aries later. 

Time, as measured by the sun-dial, is represented by the 
marks on the ecliptic; that measured by a good clock is 
marked by those on the equator, 

Ch, Then, while the sun is in the first and third quarters, 
or, which is the same thing, while the earth is travelling 
through the second and fourth quarters (that is, from Cancer 
to Libra, and from Capricorn to Aries) the sun is faster than 
the clocks; and while it is travelling the other two quarters, 
it is slower. 

Fa, Just so: because, while the earth is travelling through 
the second and fourth quadrants, equal portions of the ecliptic 
come sooner to the meridian than their corresponding parts of 
the equator: and during its journey through the first and 
third quadrants, the equal parts of the ecliptic arrive later at 
the meridian than their corresponding parts of the equator. 

Ja, If I rightly understand what you have been saying, 
the dial and clocks ought to agree at the equinoxes; that is, 
on the 20th of March, and the 23d of September; but if I 
refer to the Ephemeris, I find that for that year on the former 
day t^e clock is more than seven minutes before the sun; and 
on the latter day it is almost seven minutes behind the sun. 

Fa, If this difference between time measured by the sun- 
dial and clock depended only on the inclination of the earth’s 
axis to the plane of its orbit, the clock and dial ought to bo 
together at tho equinoxes, and also on the 21st of June and 
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the 21st of December; that is, at the summer and winter 
sobtices; because, on those days, the apparent revolution of 
the sun is parallel to the equator. But I told you that there 
was another cause why this difference subsisted. 

Ch, You did: and that was the elliptic form of the earthb 
orbit. 

Fa, If the earthb motion in its orbit were uniform, which 
it would be if the orbit were circubr, then the whole difference 
between eq*ial time, as shown by the clock, and apparent 
time, as shown by the sun, would arise from the inclination of 
the earth’s axis. But this is not the case; for the earth 
travels, when it is nearest the sun, that is, in the winter, 
more than a degree in 24 hours; and when it is furthest from 
the sun, that is, in summer, less than a degree in the same 
time: consequently, from this cause the natural day would be 
of the greatest length when the earth was nearest the sun; for 
it must continue turning the longest time after an entire rota- 
tion, in order to bring the meridian of any place to the sun 
again; and the shortest day would be when the earth moves 
the slowest in her orbit. Now, these inequalities, combined 
with those arising from the inclination of the earth’s axis, 
make up that difference which is shown by the equation table, 
found in the Ephemeris, between good clocks and true sun- 
diab. We may add, in conclusion, that the equation of time 
is at its maximum about the beginning of November, when it 
amounts to about 16 minutes 16 seconds, at which quantity 
the clock is faster than the dial. 


QUESTIONS FOli EXAMINATION. 


Enumerate the motions of the earth. 
— What is meant by equal time ; and 
what, by apparent time ? — What is 
understood by the equation of time ? — 
Upon what does the difference between 
a well-regulated clock and a true suii-dial 
depend ? — How has the rotation of the 
earth anything in common with the 
motion of a watch ? — - What occasions 
the difference between the solar and 
sidereal day ? — What time do clocks 
and watches measure ? — What time is 


that which is measured on the sun-dial ? 

— How often is the equator of the 
earth directed towards the centre of 
the.sun?— How often do the clocks 
and sun-dials agree ? — Explain this by 
means of fig. 11. — When is the sun 
faster than theclocks ; and when, slower? 

— What is the cause of this difference ? 

— What difference does the elliptic 
form of the earth’s orbit occasion ? — 
Hoes the earth travel faster in summer 
or in winter? 
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CONVERSATION XIIL 

OF LEAP-YEAR. 

James, Before we quit the subject of time, will you give 
118 some account of what is called, in our Almanacs, leap- 
year”? 

Fa, 1 will. The length of our year is measured, as you 
are aware, by the time which the earth takes in performing 
her journey round the sun, in the same manner as the length 
of the day is measured by its rotation on its axis. Now, to 
compute the exact time taken by the earth in its annual 
journey, was a work of considerable difficulty. Julius Caesar 
was the first person who seems to have attained to any accu- 
racy on this subject. 

CL Do you mean the Julius Caesar who invaded Great 
Britain? 

Fa, The same. He was not less celebrated as a man of 
science than as a general. 

This renowned commander, who was well acquainted with the 
learning of the Egyptians, in the year 45 b.c. determined the 
length of the year to be 365 days and six hours; which made 
it six hours longer than the Egyptian year. Now, in order 
to allow for the odd six hours in each year, he introduced an 
additional day every fourth year, which accordingly consists 
of 366 days; and is called Zcap-Year, while the other three 
have only 365 days each. From him it w^as denominated the 
Julian year. 

Ja, It is also called Bissextile in the Almanacs. What 
does that mean? 

Fa, The Romans inserted the intercalary day between the 
23d and 24th of February; and because the 23d of February, 
in their calendar, was called sexto calendcLs Martii (the sixth 
of the calends of March), the intercalated day was called bis 
sexto calendas Martii, the second sixth of the calends of 
March, from being reckoned twice; and hence the year of in- 
tercalation had the appellation of Bissextile, Tins day was 
chosen at Rome, on account of the expulsion of Tarquin from 
the throne, which happened on the 23rd of February. We 
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also introduce, in Leap-Year, a new day in the same month, 
namely, the 29th. 

Ch. Is there any rule for distinguishing Leap-Year from 
any other? 

^ Fa, Yes. It is known by dividing the date of the year by 4. 
If there be no remainder, it is Leap-Year. Thus, 1846, di- 
vided by 4, leaves a remainder of 2, showing that it fa the 
second year after Leap-Year. These two lines contain the 
rule: 

The year divide by 4 ; what *s left will be, 

If Leap-Year, 0 ; if past, 1, 2, or 3. 

Ja, The year, however, does not consist of 365 days and 6 
hours, but of 365 days, 5 hours, 48 minutes, and 51*6 
seconds.* Will not this occasion some error? 

Fa, It will: and by subtracting the latter number from the 
former, you will find that the error amounts to 1 1 minutes 
and 11 seconds every year, or to a whole day in about 130 
years: notwithstanding this, the Julian year continued to be in 
general use till 1582, when Pope Gregory XIII. undertook to 
rectify the error, which, at that time, amounted to ten days, 
the vernal equinox falling on the 11th instead of the 21st of 
March. He accordingly directed the ten days between the 
. 4th and 15th of October in that year to be suppressed, so that 
the 5th day of that month was called the 1 5th. This altera- 
tion took place through the greater part of Europe in that 
year, and in most other states in 1710; and the computation 
was afterwards called the Gregorian or New Style, In this 
country^ the method of reckoning, according to the New Style, 
was not admitted into our calendars till the year 1752, when 
the error amounted to nearly 11 days, which were taken from 
the month of September, by calling the 3d of that month the 
14th. In Russia and Greece, however, the Old or Julian 
style still prevails: the distinctive mark is O.S. or N.S. 

Ch, By what means wiU this accuracy be maintained? 

Fa, The error amounts to one whole day in about 130 
years, or three days in 400 years; and it was settled by an act 
of parliament, that the year 1800 and the year 1900, which are, 
according to the rule just given. Leap-years, shall be com- 
puted as common years of only 365 days in each; but that the 

» See Conversation 12. 

L 2 
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year 2000 shall be Leap^ Year; and that every fourth hun- 
dredth year afterwards should also be reckoned as Leap-Years^ 
80 that in 2100, 2200, 2300 the intercalary day is suppressed, 
but not so in 2400. By adhering to this method, the present 
mode of reckoning will not deviate a single day from true 
time for 5000 years. 

By the same act of parliament, the beginning of the year 
was changed by law from the 25th of March to the 1st of 
January. So that the succeeding months of January, 
February, and March, up to the 24th day, which would, by 
the Old Style, have been reckoned part of the year 1752, were 
accounted as the three first months of the year 1753. From 
this variation in the computation of time, we may easily ac- 
count for the difference of many dates concerning historical 
facts and biographical notices. 

Ch, Why, Papa, has this the name of Leap- Year f 

Fa, The appellation is derived probably from the leap or 
start occasioned by the insertion of the intercalary day. The 
term intercalary is from the Latin inter “ between,” and calo 
“ to call.” 


QUESTIONS FOR EXAMINATION 

Who fixed the length of the year to wfil it amount to a day ? — Who re- 
8^6 days and a quarter? — What is formed the Julian year, and when did 
Leap*year ? — What is the meaning of the alteration take place in the greater 
the word biMextile f — What new day part of Europe ? — When was the “ new 
is admitted in Leap-year ? — What is style” adopted in England ? — Is any 
the rule for finding whether the present method provided to maintain accurate 
year is or is not Leap-year ? — Does the time ? Did the legal year always 
year consist of 865 days G hours exactly? begin on the 1st of January in this 
— What is the error, and in how long ! country ? 


CONVERSATION XIV. 

OF THE MOON. 

Father, You are now acquainted with the reasons for the 
division of time into days and years. 

Ch, These divisions have their foundation in nature: the 
former depending upon the rotation of the earth on its axis; 
the latter upon its revolution in an ' lliptic orbit about the sun, 
88 a centre of motion. 
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Ja. Is there any natural reason for the division of years into 
weeks, or of days into hours, minutes, and seconds? 

Fa. The origin of the division of time into weeks has by the 
generality of authors been assigned to the Egyptians; Dio 
Cassius affirms that they distinguished this period of seven days 
by the names of the seven planets then known, beginning in 
the order of their distance from the earth, and from which 
origin their present names are derived;* but it appears rather 
that this must have been a Divine appointment descending down 
to us from the creation of the world; the other division was 
invented entirely for the convenience of mankind, and is ac- [ 
cordingly different in different countries. There is, however, ' 
another division of time marked out by nature. 

Ch, What is that, Papa? 

Fa. The length of the month: not indeed that month which 
consists of four wrecks, nor that by which the year is divided 
into 12 parts. These are both arbitrary; but by a month is 
meant the time which the moon takes in performing her 
journey round the earth. 

Ja. How many days does the moon require for this purpose? 

Fa. Your question involves two answers: for it* you refer 
to the time in wliich the moon revolves from one point of the 
heavens to the same point again, it consists of 27 days, 7 
hours, and 43 minutes; this is called its tropical revolution 
and forms the periodical month: but if you refer to the time 
passed from the new moon to new moon again, that is, from 
conjunction to conjunction, the month consists of 29 days 12 
hours and 44 minutes; this is called the synodical month. 

Ch. Pray explain the reason of this difference. 

Fa. It is occasioned by the earth’s annual motion in its 
orbit. Let us refer to our watch for illustration. The 
two hands are together at twelve o’clock. Now, when the 


• The English names are derived from the Saxon ; thuB~ 


Xnfflhh Names. Saxon Names. 

Saturday Saterne’s Day. 

Sunday Sim’s day 

Monday Moon’s day .... 

Tuesday Tuesco’s day .. 

W ednesday Woden’s day . 

Thursday Thor’s day 

*^day Friga’s day .... 


Presided oner hy Latin Names. 

Saturn Dies Satumi. 

The Sun Dies Solis. 

The Moon Dies Lunae. 

Mars Dies Jfartis. 

Mercury Die? Mercurii. 

Jupiter Dies Jovis. 

Venus Dies Veneris. 
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minute-hand has made a complete revolution, are they together 
again? 

%Ta, No: for the hour-hand is advanced the twelfth part of 
its revolution, and the other must travel five minutes more 
than the hour to overtake it. 

Fa, And something more; for the hour-hand does not wait 
at the figure 1 till the other comes up: and therefore they 
will not be together ’till between 5 and 6 minutes after one. 

Now apply this to the 
earth and moon. Sup- 
pose s to be the sun; t the q 
earth in a part of its orbit 
Q.L; and E to be the posi- 
tion of the moon. If thec, 
earth had no motion, the 
moon would move round 
its orbit e h c, into the po- 
sition E again, in 27 days, 

7 hours, 43 minutes; but, 
while the moon is describ- 
ing her journey, the earth 
has passed through nearly a twelfth part of its orbit, which 
the moon must also describe before the two bodies come again 
into the satne position they before held with respect to the 
sun. This takes up so much more time as to make her sy- 
nodical month equal to 29 days, 12 hours and 44 minutes. 
Hence the foundation of the division of time into months. 

There are also three other revolutions of the moon; the 
Sidereal, which is the time she takes in proceeding from a 
fixed star till she returns to it again: and which differs from 
the periodic in only 7 seconds — the Anomalistic, which is the 
interval from perigee to perigee, or from the nearest point of 
her orbit to the earth, to the same point again, which is 
longer than the tropical or periodic, yet shorter than the sy- 
nodic; and the Nodical, which is the interval from node to 
node, and which is much shorter than all the others.* The 

* To be more accurate — Days. 

The Synodic Reyolutioii comprises 29*58059.' 

Sidereal „ „ 27*82166. 

Tropical „ „ 27*32158. 

Anotnalistic „ „ 27*55460 

Nodical „ „ 27*21222. 
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term synodic is from the Greek sun (tfvv) “ together,” and 
odos (phoii) “ a pathway;” and is the same as a lunar month 
or lunation. Anomalistic is from anomalos (cti/wjuaXoc) “ un- 
equal or irregular.” Perigee is from peri {wepi) near,” and 
ge (yij) the earth.” 

We will now proceed to describe some other particulars re- 
lating to the moon, as a body depending, like the earth, on 
the sun for her light and heat. 

Ch. Does the moon shine with a borrowed light only? 

Fa. Certainly: for otherwise, if she were a luminous body, 
like the sun, she would always shine with a full orb as the 
sun does. Do you remember her diameter and distance from 
the earth? 

Ja. Her diameter is about 2160 miles. And I think 
that she is at the distance of about 237,000 miles from the 
earth. 

Fa. The sun s, (fig. 11) always enlightens one half of the 
moon e; and it is according to her different positions in her 
orbit with respect to the earth, we perceive either her 
whole enlightened hemisphere, or a part of it, or none at all; 
for only those parts of the enlightened moon are visible, at t, 
which are inclosed within the orbit. 

Ja. Then, when the moon is at e, no part of its enlightened 
side is visible to the earth. 

Fa. Surely not: it is then new moon, or change^ for it is 
usual to call it a New Moon the first day it is visible to the 
earth, which is not till the second day after the change. And 
the moon being then in a line between the sun and earth, they 
are said to be in conjunction. 

Ch. And at a, all the illuminated hemisphere is turned to 
the earth. 

Fa. This is called full moon; and the earfh being then be- 
tween the sun and moon, they are said to be in opposition. 
The enlightened parts of the little figures on the outside of 
the orbit represent the appearances of the moon as seen by a 
spectator on the earth. 

Ja. Is the little figure, then, opposite e wholly dark, to 
show that the moon is invisible at change? 

Fa. It is: and when it is at f, a small part of the illumi- 
nated hemisphere is visible; and therefore, to a spectator at 
T, it appears horned; at G, one half of the enlightened hemi- 
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sphere is visible, and it is said to be in quadrature: at H, 
three-fourths of the enlightened part is visible to the earth, 
and it is then said to be gibbous: and at a, the whole 
enlightened face of the moon is turned to the earth, and 
it is said to be fulL The same may be said of the rest; but 
1 will add further, that the horns of the moon, before con- 
junction or new moon, are turned to the East: but after con- 
junction they are turned to the West. 

Ch, I see the figure is intended to show that the moon’s 
orbit is elliptical. Does she also turn upon her axis? 

Fa. She does; and she takes the same time exactly for her 
diurnal rotation as in completing her sidereal revolution 
about the earth. Consequently, though every part of the 
moon is successively presented to the sun, yet the same hemi- 
sphere is always turned to the earth. This is known by 
observation with good telescopes: the different phases of the 
moon may be prettily and familiarly illustrated by taking a 
small globe, with a string fastened to it, and swing it round 
the head. The head will represent the earth, and the globe 
will represent the moon revolving round the earth. 

Now place a lamp on a stand as liigh as the head, in the 
centre of the room, to represent the sun. And as the moon re- 
volves round us, we must suppose that no part of it is visible, 
except so much of its surface as is illuminated by the lamp» 
It is then evident, that when the moon comes between us and 
the sun, or in conjunction with it, the brightened part of the 
moon will be wholly from us, and will disappear. This re- 
presents what is called the “ Change of the Moon.” 

As the moon goes forward, the illuminated side begins to 
come in sight; this represents the “ New Moon.” 

When the moon has advanced one quarter of the way round 
from the sun, we see one half of the illuminated side; this re- 
presents the moon “ Half Fullf and what is called her “ First 
Quarter.” 

As the moon goes on in her orbit the enlightened part comes 
more and more into view, till it is exactly on the opposite 
side of us from the sun, when the whole of the enlightened 
part will be towards us : this represents “ Full Moon.” 

As the moon proceeds from Opposition through the other 
half of her orbit, the enlightened side will be turned more and 
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more from us, till it comes again into conjunction^ which re- 
presents the Change,” as before. 

When the moon is in this position, and in a direct line 
between the eye and the sun, the latter is in “ Eclipse.” 
When the moon is in opposition^ and the earth is directly 
between her and the sun, the Moon is in “ Eclipse.” 

Ja, Is the length of a day and night in the moon equal to 
more than twenty-nine days and a half of ours? 

Fa, Yes; and therefore, as the length of her year, which 
is measured by her journey round the sun, is equal to that of 
ours, she can have but about twelve days and one third in a 
year. Another remarkable circumstance relating to the moon 
is, that the hemisphere next the earth is never in darkness; 
for, in the position e, when it is turned from the sun, it is 
illuminated by light reflected from the earth, in the same 
manner as we are enlightened by the light reflected from the 
moon. But the other hemisphere of the moon has a fort- 
night’s light and darkness by turns. 

Ch, Can the earth, then, be considered as a satellite to the 
moon? 

Fa, It would, perhaps, be inaccurate to denominate tho 
larger body a satellite to the smaller; but, with regard to 
aftbrding reflected light, the earth is to the moon what the 
moon is to the earth, and subject to the same changes of 
"^Hwrned, gibbous, full, &c. 

Ch, But it must appear much larger than the moon. 

Fa, The earth will appear to the inhabitants of the' moon 
about 13 times as large as the moon appears to us. When it 
is new moon to us, it is, if 1 may use the expression,/^// earth 
to them, and vice versa, 

Ch, What is meant by the cycle of the moon, Papa? 

Fa, The word cycle from the Greek cuclos^ {kvkXoq) a 
circle,” means the revolution of a certain period of time, 
which at its close recommences and proceeds as before, and 
thus perpetually; there is the cycle of the sun, and the cycle 
of the moon. This period, with respect to the moon, com- 
prises 19 solar years, after which the new and full moons fall 
on the same days, year after year, as they did the 19 years 
before. It was invented by Meton, a celebrated astronomer 
of Athens, hence it has been also called the Metonic cycle. . 
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Ja^ Is the moon, then, inhabited, as well as the earth? 

Fa^ Though we cannot demonstrate this fact, yet there are 
many reasons to induce us to believe it: for the moon, though 
n secondary planet, is yet of considerable size; — and when 
viewed through a good telescope, its surface appears diversi- 
fied, like that of the earth, with mountains and valleys. The 
former have been observed by Dr. Herschel, and some of 
them he has estimated to be a mile and three quarters in per- 
pendicular height. The situation of the moon, with respect 
to the sun, is much like that of the earth; and, by a rotation 
on her axis, and a small inclination of that axis to the plane 
of her orbit, she enjoys, though not a considerable, yet an 
agreeable variety of day and night and of seasons. To the 
moon, our globe must appear a valuable satellite, undergoing 
the same changes of illumination as the moon does to the 
earth. The sun and stars rise and set there the same as they 
do here; and heavy bodies will fall by the attraction of gra- 
vitation on the moon as they do on the earth. Hence we are 
led to conclude that, like the earth, the moon also is inhabited 
Dr. Herschel discovered, some years ago, three volcanoes 
burning in the moon; the bright spot, named Tycho, in her 
south-east quarter, he considered to be a volcanic crater 50 
miles in diameter, and 16,000 feet deep, surrounded by broad 
terraces within, and with a central mountain about 5000 feet 
high: there are also large regions perfectly level, but no large 
seas or any tracts of water have been yet observed there^ 
nor is the existence of a lunar atmosphere of a density suf- 
ficient to refract rays of light a certainty. Therefore her in- 
habitants must materially differ in their constitution from 
those who inhabit the earth; that of all the celestial bodies, 
next the sun, the moon to us is the most interesting. That 
this planet is inhabited by sensible and intelligent beings, 
there is every reason to conclude, from a consideration of the 
varied features which her surface presents; and of the general 
beneficence of the Creator, who appears to have left no 
portion of His material creation without animated existences^ 
which we daily witness in everything around us : yet to our 
senses her surface presents no appearance of vegetation, or 
that variation indicative of a change of seasons: in fact aU 
appears solid, desolate, and unfit for the support of life, 
.animal or vegetable. 
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QUESTIONS FOB 

Upon what does the division of time | time ? — How do yoa illiutnte the dif- 
into days and years depend? — What ferent phases of the moon?— When 
other division of time is marked out by is the “ new moon ?” — When full ? 
nature?— What do you mean by a change? eclipse? — How many days 
month? — What is the difference be- are there in the moon’s year? — Is 
tween a periodical and synodical there any other remarkable circum- 
month ? — What is the reason of this stance relating to the moon ? — Gan the 
difference ? — Explain this by fig. 11. earth be considered as a satellite to the 
— By what light does the moon shine ? moon ? — How large will the earth ap- 
— What is the length of the moon’s dia- pear to the inhabitants of the moon ^ — 
meter? — Explain by the figure the What reasons are there to prove that 
dianges of the moon. — Does the moon I the moon is inhabited? 
turn about on her axis, and in what ' 


CONVERSATION XV. 

OF ECLIPSES. 

Charles, Will you now, Papa, explain to us the nature and 
cause of eclipses. 

Fa, I will, with great pleasure. You must observe, then, 
that eclipses depend upon this simple principle: that all opaque 
or dark bodies, when exposed to any light, whether to the 
light of the sun, or any other body, cast a shadow behind them 
in an opposite direction. 

Ja, The earth, being a body of this kind, must cast a very 
large shadow on the side opposite to the sun. 

Fa, It does: and an eclipse of the moon hap- 
pens when the earth, t, passes between the sun, s, 
and the moon, m; and it is occasioned by the 
earth’s shadow being cast on the moon. 

Ch, When does this happen? 

Fa, It is only when the moon is at full, or in 
oppositwriy that it comes within the shadow of the 
earth. 

Ja, Eclipses of the moon, however, do not 
happen every time it is full. What is the reason 
of this? 

Fa, Because the orbit of the moon does not 
coincide with the plane of the earth’s orbit; but Fig. 12 
one half of it is elevated about five degrees and a third above 
it, and the other half is as much below it: therefore, unless 
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ihc full moon happen to occur in or near one of the nodes, 
that is, in or near the points in which the two orbits intersect 
each other, she w^ill pass above, or below the shadow of the 
earth; in which case there can be no eclipse. 

Ch, What is the greatest distance from the node at which 
an eclipse of the moon can happen? 

Fa, There may be an eclipse, if the moon, at the time 
when she is full, is within 12 degrees from the node; and 
there mast be if she is within 7 degrees; and the eclipse will 
be partial, or total, according as a part, or the w^hole disk, or 
face, of the moon falls within the earth’s shadow. If the 
eclipse happen exactly when the moon is full in the node, it 
is called a central eclipse; and the centres pf the sun, earth, 
and moon, are then in one straight line. 

Ja. I suppose the duration of the eclipse lasts all the time 
that the moon is passing through the shadow. 

Fa, It does: and you may observe that the shadovr is con- 
siderably wider than the moon’s diameter; and as the moon 
takes about an hour to pass over a space equal to her dia- 
meter, so therefore an eclipse of the moon lasts sometimes up- 
wards of two hours. The shadow also, you perceive, is of a 
conical shape, and consequently, as the moon’s orbit is an 
ellipse and not a circle, the moon will, at different times, be 
eclipsed when she is at different distances from the earth. 

Ch, And in proportion as the moon is nearer to or farther 
from the earth, the eclipse will be of a greater or less dura- 
tion; for the shadow, being conical, becomes less and less, as 
the distance from the body by which it is cast is greater. 

Fa, It is by knowing exactly at what distance the moon is 
from the earth, and of course the width of the earth’s shadow 
at that distance, that all eclipses are calculated, with the 
greatest accuracy, for many years before they happen. Now, 
it is found that in all eclipses, the shadow of the earth is 
conical, w^hich is a proof that the body by which it is pro- 
jected is of a spherical form; for no other sort of figure would, 
in all positions, cast a conical shadow. This is mentioned as 
another evidence that the earth is a spherical body. It is 
moreover found that the earth’s shadow extends 216 times the 
length of its radius, and consequently far beyond the orbit of 
the moon; and the apparent diameter of the conical shadow 
at the mean distance of the moon is about V 23', so that if 
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the moon happens to he in the plane of the ecliptic, when full, 
the whole lunar disk will be involved in the eai*th's shadow. 


Ja, It seems to me to prove another thing; viz. that the 
sun must be a larger body than the earth. 

Fa, Your conclusion is just: for ^ 

if the two bodies were equal to one 

another (fig. 13) the shadow would ^ ^ 

be cylindrical; and if the earth were 

the larger body (fig. 14) its shadow 

would be of the figure of a cone, which 

had lost its vertex, and the farther it 

were extended the larger would it be- ^ 

come. In either case it would run out 

to an infinite space, and accordingly 

must sometimes involve in it the other planets; which is con- 
trary to fact. Therefore, since the earth is neither larger 
than, nor equal to, the sun, it must be ttie lesser body. — We 
will now proceed to the eclipses of the sun. 

Ch, How are these occasioned? 


Fa, An eclipse of the sun hap- 
pens when the moon, m, passing 
between the sun, s, and the earth, 

T, intercepts the sun’s light. 

Ja, The sun, then, can be 
eclipsed only at the new moon. Fig. 15. 

Fa, Certainly: for it is only when the moon is in con- 
ounctioHf that it can pass directly between the sun and earth. 

Ch, It is only wlien the moon, at her conjunction, is near 
one of its nodes, and the centres of the sun, moon, and earth 
are in one straight line, that there can be an eclipse of the 
sun? 



Fa, An eclipse of the sun depends upon this circumstance: 
for unless the moon is in, or near, one of its nodes, she cannot 
appear in the same plane with the sun, or seem to pass over 
his disk. In every other part of the orbit, she will appear 
above or below the sun. If the moon be m one of the nodes, 
she will, in most cases, co\ er the whole disk of the sun, and 
produce a total eclipse: if she be anywhere within about 16 
degrees of a node, a partial eclipse will be produced. 

The sun’s diameter is supposed to be divided into 12 equal 
parts, called digits; and in every partial eclipse, so many ct 
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these parts of the sun’s diameter as the moon covers are said 
to be eclipsed; and this is formed not by the perfect conical 
shadow in which the eclipse would be total, but by the 
•penumbra; from the Latin ^‘almost” and umbra ‘‘a 
shadow.” 

Ja, I have heard of annular eclipses. What are they. 
Papa? 

Fa, When a ring of light appears round the edge of the 
moon during an eclipse of the sun, it is said to be annular, 
from the Latin word annulus^ ‘‘ a little ring:” these kinds of 
eclipses are occasioned by the moon being at her greatest dis- 
tance from the earth at the time of an eclipse; because, in that 
situation, the vertex or tip of the cone of the moon’s shadow 
does not reach the surface of the earth: but when the moon’s 
shadow extends beyond the earth’s surface, its intersection 
with the surface marks out a circular spot, within which no 
part of the sun’s disk is visible, and there is a total eclipse. 

Ch, How long can an eclipse of the sun last ? 

Fa, A total eclipse of the sun is a very curious and un- 
common spectacle ; and total darkness cannot last more than 
three or four minutes. Of one that was observed in Por- 
tugal, about 200 years ago, it is said that the darkness was 
greater than that of night ; that stars of the first magnitude 
were visible, and that the birds were so terrified, that they 
fell to the ground. 

Ja, Was this visible only at Portugal ? 

Fa, There is no doubt but it was witnessed in countries 
adjacent. The moon, being a body much smaller than the 
earth, and having also a conical shadow, can with that shadow 
only cover a small part of the earth ; whereas an eclipse of 
the moon may be seen by all those that are on that hemi- 
sphere which is turned towards it. (Fig. 15 and 12.) You 
will also observe that an eclipse of the sun may be total to 
tlie inhabitants near the middle of the earth’s disk, and annular 
to. those in places near the edges of the disk; for, in the 
former case, the moon’s shadow will reach the earth; and in 
the latter, on account of the earth’s sphericity, it will not. 

Ch, Have not eclipses been esteemed as omens presaging 
some direful calamity. 

Fa, Yes; until the causes of these appearances were dis- 
covered, they struck with terror and dismay the generality of 
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the people, then plunged into the grossest ig^rance and 
barbarism; but they were taken advantage of by the priests 
of pagan times, whose superior learning led them to compre- 
hend in some degree their causes, to establish their supersti- 
tions and idolatry, and to uphold their pre-eminence and 


power. 

QUESTIONS FOR 

Upon what do eclipses depend ? — 
When does an eclipse of the moon hap- 
pen ? — What is the reason that eclipses 
of the moon do not always happen 
when the moon is full ? — In what case 
will there be no eclipse at the time of 
fhll moon ? — What is a central eclipse ? 
— How long does an eclipse of the 
moon last ? — Of what shape is the 
shadow of the earth ? — What things 
are necessary to be known in calcula- 
ting an eclipse of the moon ? — How is 
it proved that the sun is larger than 


EXAMINATION. 

the earth ? — When does an eclipse of 
the sun happen ? — Upon what does an 
eclipse of the sun depend? — When 
will there be a toted and when a parHcd 
eclipse ? — What is meant by on on- 
nular eclipse ?•— How long can a total 
ellipse 'of the sun last? — Are total 
eclipses common? — Explain by figs. 
15 and 12 how an eclipse of the sun 
may be total to the inhabitants near 
the middle of the earth’s disk, and an- 
nular to some others. 


CONVERSATION XVI 

OF THE TIDES. 

Father. We will proceed to the consideration of the Tides, 
or the flowing and ebbing of the ocean. 

Ja. Is this subject connected with astronomy? 

Fa. It is: inasmuch as the tides are occasioned by the at- 
traction of the sun and moon upon the waters; particularly 
by that of the latter. You will readily conceive that the tides 
are dependent upon some known and determinate laws; 
because, if you turn to the Ephemeris, or indeed to almost 
any Almanac, you will see laid down the exact time of high 
water at London-bridge and at certain of our sea-ports for 
every day in the year. 

Ch. I have frequently wondered how this could be known 
with such a degree of accuracy: indeed, there is not a water- 
man that plies at the river but can readily tell when it will 
be high w’ater. 

Fa. The generality of the watermen are probably ignorant 
of the cause by which the waters flow and ebb; but by experi- 
ence tliey know that the time of high water differs, on each 
day, about three quarters of an hour, or a little more or less; 
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and therefiire, if it be high water to-day at six o’clock, they 
will, at a guess, tell you, that to-morrow the tide will not be 
up till a quarter before seven. 

Ja, Will you explain the cause? 

Fa, I will, and it shall be my endeavour to do this in an 
easy and concise manner, without fatiguing your memory 
with too great a variety of particulars. You must ‘bear in 
mind, then, that the tides are occasioned by the attraction of 
the sun and moon upon the waters of the earth. Perhaps a 
figure may be of some 
assistance to you. 

Let apln be sup- 
posed the earth, c its ^ 
centre: let the dotted 
circle represent a mass 
of water covering the 
earth: let m be the Fig. le. 

moon in its orbit, and s the sun. 

Since the force of gravity or attraction diminishes as the 
squares of the distances increase,* the waters on the side a 
are more attracted by the moon, m, than the central parts at 
c; and the central parts are more attracted than the waters 
at I ; consequently the waters at I will recede from thence. 
Therefore, while the moon is in the situation m, the waters 
will rise towards a and b on the opposite sides of the earth. 

Fa, You mean that the waters will rise at a by the imme- 
diate attraction of the moon w, and wdll rise at h by the centre 
<7, receding and leaving them more elevated there. 

Fa, Just so. It is evident that, the quantity of water 
being the same, a rise cannot take place at a and without 
the parts at p and n being at the same time depressed. 

Ja, In this situation the water may be considered as par- 
taking of an oval form. 

Fa, If the earth and moon were without motion, and the 
earth entirely covered with water, the attraction of the moon 
would raise it up in a heap in that part of the ocean to which 
tne moon is vertical, and there it would always continue: 
but by the rotation of the earth on its axis, each part of its 
surface to which the moon is vertical is presented twice a 
day to the action of the moon; and thus are produced two 
floods and two ebbs. 



Sec p. 27. 
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Ch. How twice a day? 

Fa, Id the position of the earth and moon, as it is in our 
figure, the waters are raised at a by the direct attraction of 
the moon, and a tide is accordingly produced : but when by 
the earth’s rotation, a comes, 12 hours afterwards, into the 
position , another tide is occasioned by the receding of the 
waters there from the centre. 

Ja. You have told us that the tides are produced in those 
parts of the earth to which the moon is vertical; but this 
effect is not confined to those parts. 

Fa, It is not: but there the attraction of the moon has the 
greatest effect. In all other parts her force is weaker, because 
it acts in a more oblique direction. 

Ch, Are there two tides in every 24 hours? 

Fa, If the moon were stationary, this would be the case; 
but because that body is also proceeding every day about 13 
degrees from west to east in her orbit, the earth must make 
more than one revolution on its axis before the same meridian 
comes in conjunction with the moon; and hence two tides 
take place in about 24 hours and 50 minutes. 

Ja, But the tides rise higher at some seasons than at others. 
How do you account for that? 

Fa, The moon goes round the earth in an elliptical orbit, 
and therefore she approaches nearer to the earth in some parts 
of her orbit than in others. When she is nearest, the at- 
traction is the strongest, and consequently the tides are highest: 
and when she is farthest from the earth her attraction is the 
least, and the tides therefore the lowest. 

Ch, You said that the sun’s attraction occasioned tides, as 
well as that of the moon. 

Fa, It does: but, owing to the immense distance of the 
sun from the earth, it produces but a small effect in comparison 
with the moon’s attraction. Sir Isaac Newton computed that 
the force of the moon raised the waters in the' ocean 10 feet, 
whereas that of the sun raised it only two feet. When the 
attraction of both sun and moon acts in the same direction 
(that is, at new and full moon) the combii^cd forces of both 
raise the tide 12 feet: but when the moon is in her quarters, 
the attraction of one of these bodies raises the water where 
that of the other depresses it; and therefore, the smaller force 
of the sun must be subtracted from that of the moon ; conse- 

M 
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quently, the tides will not be more than 8 feet. The highest 
tides are called ^pnw^-tides, and the lowest are denominated 
«eap-tides: the greatest height the tide has been known to rise 
is about 100 feet. 

Ja. I understand that, in the former case, the height 
to which the tides are raised must be calculated by adding 
together the attractions of the sun and moon; and in the latter, 
it must be estimated by the difference of these attractions. 

Fa, You are right. When the sun and moon are both 
vertical to the equator of the earth, and the moon at her least 
distance from the earth, then the tides are highest, 

Ch, Then the highest tides happen at the Equinoxes? 

Fa, Strictly speaking, these tides do not happen till some 
little time after; because in this, as in other cases, the actions do 
not produce the greatest effect when they are at the strongest, 
but some time afterwards: thus the hottest part of the day is 
not when the sun is in the meridian, but at two or three 
o’clock in the afternoon. Another circumstance must be 
taken into consideration: the sun being nearer to the earth in 
winter than in summer, it is of course nearer to it in February 
and October, than in March and September; and therefore, 
all these reasons being put together, it will be found that the 
greatest tides happen a little before the vernal, and some time 
after the autumnal. Equinoxes. 

Ja, To whom are we indebted' for an insight into the 
nature of tides? 

Fa, Although the cause of the tides was known to the 
ancients, yet it was first rationally explained by Kepler, and 
afterwards more fully by Sir Isaac Newton, who solved, in 
his Principia, many difiiculties on the subject, which before 
were thought inexplicable; and explained many of the prin- 
ciples upon which the phenomena of the tides depend, which 
have subsequently been improved upon by Maclaurin, Laplace, 
Dr. Young, and more recently by Dr. Whewell, of Cam*' 
bridge. 

Ch, Are the tides of equal height in every locality? 

Fa, By no means ; the height is affected by various cir- 
cumstances; in deep gradually contracting indentations of the 
shore, the tide rises most considerably; in the Bristol Channel, 
in the bay of Fundy, and in that of St. Malo, the tide has been 
known to rise 100 feet. At Chepstow, opposite the Bristol 
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Channel, the difference between high and low water mark 
averages 60 feet; at Bristol, the average is 33 feet; at the 
London-docks, 22 feet; at Liverpool, 15*5 feet; at Ports- 
mouth and Plymouth, •12-5 feet ; in the middle of the Pacific, 
and on ^rtain parts of the south-east coast of Ireland, the 
average is but 2 or 3 feet; while in the Mediterranean and 
in the Black Sea the tides are scarcely to be discerned. The 
wind, and atmospheric pressure also materially affect the 
flowing of the tides. Sir J. Lubbock affirms, that at Gains- 
borough, 25 miles up the Trent, during the violent hurricane 
of January 8, 1839, there was no tide at all, a circumstance 
unknown before; and in other places under the influence of 
high and continuous winds, the tides have wonderfully ebhedy 
or as wonderfully flowed. In regard to atmospheric pressure, 
at Brest the height of high-water varies inversely as the 
height of the barometer: at Liverpool, a fall of 1-lOth in the 
barometer corresponds to a rise in the Mersey of about an 
inch: and a like fall at the London -docks corresponds to a 
rise of 7-lOths in the Thames: and so of other places, a low 
barometer effecting high tides, and a high barometer low 
tides. 

t^lTESTTONS FOR EXAMINATION. 

Upon what do the tides depend ? — tides are highest? — Are there high 
Wliat is the tUily diflTerence in time in tides in the Mediterranean? — Where 
high water? — Explain to me by fig. do they rise 33 feet high? — Has the 
16 how the tides are occasioned. — sun or the moon.tlie greater effect in 
How often are there tides ? — Why are ! producing tides, and why ? — What are 
there not two tides in 24 hours ? — Is j the highest, and what the lowest tides 
there any difference in the heights to called? — When are the tides highest? 
which the tides rise with regard to the I — Do the highest tides happen at the 
aeaso^ts of the year ? — In what posi- ! equinoxes ? 
tion are the earth and moon when the I 


CONVERSATION XVH. 

OF THE HARVEST-MOON. 

Father, From what we said yesterday you will easily 
understand the reason why the moon rises about three-quarters 
of an hour, or rather 52 minutes later every day than on 
the one preceding. 

C/i. It is owing to the daily progress which the moon is 
M 2 
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making in ker orbit; on whicb account any meridian on the 
earth must make more than one complete rotation on its axis 
before it comes again into the same situation with respect 
to the moon, that it had before. And you told us that this 
occasioned a difference of about 52 minutes. 

Fa, At the equator this is generally the difference of time 
between the rising of the moon on one day and that preced- 
ing. But in places of considerable latitude, as that in which 
we live, there is a remarkable difference about the time of 
harvest, when, at the season of full moon, she rises, for several 
nights together, only about 15 or 20 minutes later on the one 
day than o'n that immediately preceding. By thus succeed- 
ing the sun before the twilight is ended, the moon prolongs the 
light, to the great benefit of those who are engaged in gather- 
ing in the fruits of the earth: hence the full moon at this 
season is called the harvest-moon. It is believed that this 
was observed by persons engaged in agriculture at a much 
earlier period than it has been noticed by astronomers : the 
former ascribed it to the goodness of the l3eity; not doubting 
that he had so ordered it purposely for their advantage. 

Ja, But the people at the equator do not enjoy this 
advantage. 

Fa. Nor is it necessary that they should; for, in those 
parts of the earth, the seasons vary but little, and the weather 
changes but seldom, and at stated times; to them, then, 
moon-light is not wanting for gathering in the fruits of the 
earth. 

Ch. Can you explain how it happens that the moon, at this 
season of the year, rises one day after another with so small 
a difference in regard to time ? 

Fa. With the assistance of a globe I could at once clear 
iway the difficulty. But I will endeavour to give you a 
general idea of the subject without that aid. That the moon 
Vises more time in her rising when she is in one part of her 
orbit, and less time in another, is occasioned by her orbit 
being sometimes more oblique to the horizon than at others. 

Ja. But the moon’s path is not marked on the globe. 

Fa. It is not. You may, however, consider it, without 
much error, as coinciding with the ecliptic: and to the lati- 
tude of London, as much of the ecliptic rises about Pisces and 
Aries^ in two hours, as the moon goes through in six days. 
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Therefove, while the moon is in these signs, she dilfers but 
two hours in rising, for six days together; that is, on the 
average of about 15 or 20 minutes later every day than on 
that preceding. 

Ch. Ts the moon in those signs at the time of harvest ? 

Fa, ill August and September you know that the sun ap- 
pears in Virgo and Libra, and of course, when the moon is 
full^ she must be in the opposite signs: viz., Pisces and Aries, 

Ja, Then there are two periods of full moons that afford 
us this advantage ? 

Fa. There are: the one when the sun is in Virgo, which 
is called the harvest moon; the other^ when the sun is in 
Libra, and which, comparatively speaking, is less important, 
is called the hunter^ moon. You must know, however, that 
when the moon is in Virgo and Libra, she then rises with the 
greatest difference of time; viz. an hour and quarter later 
every day than the former. 

Ch. Will you explain. Papa, how it is that the people at 
the equator have no harvest-moon ? 

Fa. At the equator, the north and south poles lie in the 
horizon; and therefore the ecliptic makes the same angle 
southward with the horizon, when Aries rises, as it does 
northward when Libra rises; but as the harvest-moon de- 
pends upon the different angles at which different parts of 
the ecliptic rise, it is evident there can be no harvest-moon 
at the equator. 

The farther any place is from the equatoi’, if it be not 
beyond the polar circles, the angle which the ecliptic makes 
with the horizon, when Pisces and Aries rise, gradually 
diminishes; and therefore, when the moon is in these signs, 
she rises with a nearly proportionable difference later every 
day than on the former; and this is more remarkable about 
the time of full moon. 

Jo. Why have you excepted the space on the globe be- 
yond the polar circles ? 

Fa. At the polar circles, when the sun touches the summer 
tropic, he continues 21 hours above the horizon, and 24 
hours below it when he touches the winter tropic. For the 
same reason the full moon neither rises in the summer, when 
she is not wanted, nor sets in the winter when her presence 
is so necessary. These are the only two full moons which 
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happen about the tropics: for all the others rise and set. In 
Summer^ the full moons are low, and their stay above the 
horison short: in winter they are high, and their stay long^ 
above the horizon. A wonderful display is here presented to 
us of the divine wisdom and goodness, in apportioning the 
quantity of light to the various necessities of the inhabitants 
of the earth, according to their different situations. 

Ch. At the poles the circumstances, I suppose, are still 
different. 

Fa. There one half of the ecliptic never sets, and the 
other half never rises ^ consequently the sun continues one 
half year above the horizon, and the other half below it. The 
full moon, being always opposite to the sun, can never be 
seen to the inhabitants of the poles, while the sun is above 
the horizon: but, all the time that the sun is below the 
horizon, the full moon never sets; consequently to them the 
full moon is never visible in summer; and in their winter 
they have her, always before and after the full, shining, for 
14 of our days and nights, without intermission: and when 
the sun is depressed the lowest under the horizon, then the 
moon ascends with her highest altitude. 

Ja. This indeed exhibits, in a high degree, the beneficence 
of the Almighty to all his creatures. But, if I understand 
you, the inhabitants of the poles have, in their winter, a 
fortnight’s light and darkness, by turns. 

Fa. This would be the case for the whole six months that 
the sun is below the horizon, if there were no refraction,* 
and no substitute for the light of the moon; but by the atmo- 
sphere’s refracting the sun’s rays, he becomes visible a fort- 
night sooner, and continues a fortnight longer in sight than 
he would otherwise do, were there no such property be- 
longing to the atmosphere. And in those periods of the 
winter, when it would be absolutely dark in the absence of 
the moon, the brilliancy of the Aurora Borealis is so great 
■ as to afford a very comfortable degree of light, Mr. Hearne, 
in his travels near the polar circle, makes the following re- 
mark in his Journal: December 24. The days were so 
short, that the sun only took a circuit of a few points of the 
compass above the horizon, and did not at its greatest alti- 

* The subject of refraction will be very particularly explained when we come 
to Optics. 



ow MB&otmt. 


167 


tilde fis*' half way up the trees. The brilliancy of the Aurora 
Borealis, however, and of the stars, even without the assist- 
ance of the moon, made amends for this deficiency; for it 
was frequently so light all night, that I could see to read 
small print.” 

QUESTIONS FOE EXAMINATION. 


Why does the moon rise about three 
quarters of an hour later on each day 
than on that preceding? — At what 
season of the year is the difference in 
the rising of the moon but trifling for 
several successive evenings ? — Why is 
not this necessary at the equator? — 
In what signs of the ecliptic is the dif- 
ference in the time of the moon’s rising 
the least, and how many minutes is 
this on an average ? — In what signs is 
the full-moon at the time of harvest ? — 
Which is the harvest-moon, and which 


the hunter’s moon ? — Why have the 
people at the equator no harvest-moon? 
— To whom is the harvest-moon mo«t 
remarkable? — Why is there no har- 
vest-moon to those who live within the 
polar circles? — At what season does 
not the full moon rise, and what time 
does she not set at the polar circles ?~ 
What happens remarkable at the poles 
with regard to the sun and moon ? — 
Is there any substitute for the light of 
the moon to the inhabitants at the 
poles, when she is below the horizon ? 


CONVERSATION XVIIL 

OF MEBCUET. 

Father, Having fully described the earth and the moon, 
the former a primary planet, and the latter its attendant 
satellite, or secondary planet, we shall next consider the other 
planets in their order, with which, however, we are less 
interested. 

Mercury, you recollect, is the planet nearest the sun ; and 
Venus is the second in order. These two are called inferior 
planets. 

Ck, Why are they thus denominated ? 

Fa, Because they both revolve in orbits which are in- 
cluded within that of the earth; thus (fig, 2) Mercury makes 
his annual journey round the sun in the orbit a; Venus in 
b; and the earth, farther from that luminary than either of 
them, makes his circuit in t, 

Ja, How is this known ? 

Fa, By observation: for by attentively watching the pro- 
gress of these bodies, it is found that they are continually 
changing their places among the fixed stars, and that they 
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are never seen in opposition to the sun; that is, they are 
never seen in the western side of the heavens in the morn- 
ing, when he appears in the east; nor in the eastern part 
of the heavens in the evening, when the sun appears in the 
west. 

Ch, Then they may be considered as attendants upon the 
sun? 

Fa, They may: Mercury is never seen from the earth at 
a greater distance from the sun than about 28 degrees, or 
about as far as the moon appears to be from the sun on the 
second day after her change: hence it is that we so seldom 
see him; and when we do, it is for so short a time, and 
always in twilight, that we are precluded from making suffi- 
cient observations to ascertain whether he has a diurnal mo- 
tion on his axis, or not. 

Ja, Would you, therefore, conclude that he has such a 
motion ? 

Fa, I think we ought to conclude that he has; because it 
is known to exist in all those planets upon which observations 
of sufficient extent have been made; and therefore we may 
surely infer, without much chance of error, that it belongs 
also to Mercury and likewise to the planet Herschel; the 
former from its vicinity to the sun, and the latter from its 
great distance from that body, having at present eluded the 
investigation of the most indefatigable astronomers. 

Ch, At what distance is Mercury from the sun ? 

Fa, He revolves round that body, at about 36 millions of 
miles distance, in 88 days, nearly; and therefore you can now 
tell me how many miles he travels in an hour. 

Ja, I can: for, supposing his orbit circular, I must mul- 
tiply the 37 millions by 6,* which will give 222 millions of 
miles for the length of his orbit; this I shall divide by 88, the 
number of days he takes in performing his journey; and the 
quotient resulting from this must be divided by 24, for the 
number of hours in a day: and by these operations I find 
that Mercury travels at the rate of more than 105,000 miles 
in an hour. 

Ja, How long is Mercury in revolving round his axis ? 

Fa. He is supposed to revolve about his axis in 24 h. 5 m. 


• See p. 126 . 
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28 sec. He exhibits, also, phases which are discernible by 
a good telescope. 

Ch. How large is Mercury ? 

Fa. He is the smallest of all the planets. His diameter, 
compared with that of the earth, taken as unity, is about 
8140 miles: and his orbit is inclined to the ecliptic in an 
angle of 7® 0' 9". 

Ja. His situation being so much nearer to the sun than 
ours, he must enjoy a considerably greater share of its heat 
and light. 

Fa. So much so, that were the earth similarly situated, 
water could only exist in a state of vapour ; metals also would 
be liquefied ; everything, in fact, belonging to it would be 
burnt to atoms. 

Ch. When is the best time for making observations on that 
planet ? 

Fa. The best time is when he passes before the sun, in 
the form of a black spot. This passage of a planet before the 
face of the sun is cdled its “Transit.” The last Transit 
of Mercury happened on the 8th of May, 1 845. Others will 
happen November 9, 1848; November 11, 1861; November 
4, 1868; May 6, 1878; November 8, 1881: May 10, 1891; 
and these are all that will happen in the present century 

These Transits demonstrate, that Mercury is an opaque 
body, like the earth, and that it receives its light from the 
sun, and exhibits different phases like the moon. The heat 
of the sun at Mercury must be seven times greater than our 
greatest summer heat. 

Ch. And can you imagine that, thus circumstanced, this 
planet can be inhabited ? 

Fa. Not by such beings as we are. You and I could not 
long exist at the bottom of the sea; yet the sea is the habita- 
tion of millions of living creatures. Why, then, may there 
not be inhabitants in Mercury, fitted for the enjoyment of the 
situation which that planet is calculated to afford ? Not that 
I mean to imply by this allusion that Mercury is as fluid as 
the sea. If, however, it is uninhabited, we must wonder why 
such a body was formed. Certainly it could not be intended 
as far as our limited faculties can imagine, for our benefit, 
for it is rarely even seen by us. 
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QUESTIONS FOR EXAMINATION. 

Which of the planets is nearest the and what is the length of his year ? — 


iun? — Which are called inferior 
planets, and why are they so called ? — 
How is it known that the orbits of 
YeniM and Mercury are included within 
the orbit of the earth ? — Why are they 
called attendants upon the sun? — Is 
Mercury frequently visible ? — Does it, 
like the earth, turn on its axis? — At 
what distance is Mercury from the sun. 


At what rate does this planet travel in 
an hour ? — How large is Mercury P — 
What degree of light and heat does he 
enjoy from the sun? — Is it probable 
that Mercury is inhabited ? — When is 
the best time to make observations on 
Mercury? — What is meant by the 
transit of a planet ? , 


CONVERSATION XIX. 

OF VENUS. 

Father, We now proceed to Venus, the second planet in 
the order of the solar system, but by far the most brilliant of 
them all. 

Ja, How far is Venus from the sun? 

Fa, She is about 68 millions of miles from the sun, and 
finishes her journey in 224;J- days: consequently she must 
travel at the rate of 75,000 miles in an hour. 

Ch, Venus is larger than Mercury, I imagine. 

Fa, Yes; she is neaily as large as the earth, which she 
resembles in some respects; her diameter being about 7700 
miles in length, but this is very variable, depending on her 
distance from the sun, which is very changeable, and she has 
a rotation about her axis, according to Shroeter, of 23 hours 
21 min. 40 sec. The light and heat which she enjoys 
from the sun must be double that which is experienced by 
the inhabitants of this globe. 

•7a. Is there a difference in her seasons, as there is here ? 

Fa, Yes; and in a much more considerable degree. The 
axis of Venus inclines about 75 degrees, but that of the etirth 
inclines only 23^ degrees; and as the variety of the seasons, 
in every planet, depends on the degree of the inclination of 
its axis, it is evident that the seasons must vary more with 
Venus than with us. 

Ch, Venus appears to us to be sometimes larger than at 
others. 

Fa, True; and this, with other particulars, I will explain 
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by means of a figure. Suppose s 
to be the sun, t the earth in her 
orbit, and a, c, rf, e,/, Venus in 
hers; now, it is evident that, when 
Venus is at d, between the sun and 
earth, she must appear much larger 
than when she is at c?, in opposition. 

Ja, That is because she is so 
much nearer in the former case than 
in the latter, being in the situation 
a, but 27 millions of miles from the 
earth t; but at d she is 163 mil- 
lions of miles from us. 

Fa. Now as Venus passes from a, through b, c, to d, she 
may be observed, by means of a good telescope, to have all 
the same phases as the moon has in passing from new to full: 
therefore, when she is at cf, she is full, and is seen among the 
fixed stars in the beginning of Cancer. During her journey 
from d to e, she proceeds with a direct motion in her orbit, 
and at e she is seen in Leo, and will appear, to an inhabitant 
of the earth, for a few days to be stationary, not seeming to 
change her place among the fixed stars; for she is coming 
toward the earth in a direct line: but, in passing from eXof, 
though still with a direct motion, to a spectator at t, her 
course will seem to be retrograde ; or to have gone back from 
z to y, till she gets to c, when she will again appear stationary; 
and afterwards, from c to d, and from d to e, it will be direct, 
among the fixed stars. 

€h. When is Venus an evening star, and when a morning 
star? 

Fa. She is an evening star all the while she appears east 
of the sun, and a morning star while she is seen west of him. 
The Greeks gave her the name of Hesperus, when an evening 
star, and Phosphorus when a morning star; these names 
are from the words hesperia [eawepia) “ the evening,” and phos 
(iptag) “light,” and phero “I bring.” She is some- 

times called Vesper, the Latin word for evening ; and Lucifer, 
from two Latin words, lux “light,” and^ero “ I bring.” 

When she is at a, she will be invisible, her dark side being 
towards us, unless she be exactly in the node; in which case 
she will pass over the sun’s face and appear like a little black 
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Spot; indeed, she presents the same phenomena with Mercury, 
and in like manner crosses the sun’s disc, which happened 
only twice during the last century; viz., in 1761 and in 
1769. The next Transit will happen on December 8, 1874, 
and another on the 6th of December, 1882, both of which 
will be visible in Great Britain. 

Ja, Is that called the transit of Venus? 

Fa. It is; and it happens twice only in about 120 years, 
and must be when she is at her inferior conjunction, and very 
near one of her nodes. By this phenomenon astronomers 
have been enabled to find the sun’s parallax, and so ascer- 
tain with great accuracy the distance of the earth from the 
sun; and, having obtained this, the distances of all the other 
planets are easily found. By the two transits which happened 
in 1761, and 1769, it was clearly demonstrated that the mean 
distance of the earth from the sun was between 95 and 96 
millions of miles. 

Ch. How do you calculate the distances of the other 
planets from the sun by knowing that of the earth ? 

Fa, I will endeavour to make this plain to you. Kepler, 
a great astronomer, discovered that all the planets are subject, 
to three general laws; of which the one having reference to 
our particular subject is, that “ the squares of their perio- 
dical times^ or that of their revolutions, are proportioned to 
the cubes of their mean distances from the sun^ 

Ja, What do you mean by the periodical times 9 

Fa, I mean the times which the planets take in revolving 
round the sun. Thus the periodical time of the earth is 365-J^ 
days; that of Venus 224^ days; and that of Mercury 88 days. 

Ch, How, then, would you find the distance of Mercury 
from the sun? 

Fa. By the rule of three. I would say, as the square of 
365 days (the time which the earth takes in revolving about 
the sun) is to the square of 88 days (the time in which Mer- 
cury revolves about the sun), so is the cube of 95 millions (the 
distance in miles of the earth from the sun) to a fourth number 

Ja, And is that fourth number the distance, in miles, of 
Mercury from the sun? 

Fa, No; you must extract the cube root of that number; 
and then you will have about 37 millions of miles for the 
answer; which is the true distance at which Mercury revolves 
about the sun. 
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C%. What is the meaning of Parallax, Papa? 

Fa, The term Parallax, from the Greek word parallaxis 
(TrapaXAaitc) ‘‘ change,” implies a change of place, or of 
aspect, and is the difference between the apparent place of a 
celestial object, and its true place as would be seen by a person 
at the centre of its motion; and when this is found we are 
enabled to determine the distance, real magnitude, and also 
the diameter of the body. 


QUESTIONS FOB 

How is the planet Venus described ? | 

— At what distance is Venus from the 
sun, and what is the length of her year? 

— How many miles does she travel in 
an hour? — What is the magnitude of 
this planet ? — What proportion of light 
and heat does she enjoy? — Is there 
much difference in the seasons of this 
planet, and to what is that ascribed ? — 
Explain to me by means of fig. 17, why 
Venus appears larger sometimes than 
she does at others. — Is Venus to be 


EXAMINATION. 

seen in different parts of her orbit with 
different phases like the moon ? — Ex- 
plain the different situations in which 
the motion of this planet is direct; 
when she seems to be utationaty^ and 
when her motion appears retrograde.-^ 
When is Venus an evening and When a 
morning star ? — What is meant by the 
transit of Venus ? — How often does a 
transit happen ? — What is Kepler’s 
law? — What is meant by the period- 
ical times ? 


CONVERSATION XX. 

OF MARS. 

Father, Next to Venus is the earth, and her satellite, the 
moon: but of these sufficient notice has already been taken; 
and therefore we shall pass on to the planet Mars, the fourth 
in order from the sun, and which is known in the heavens by 
a dusky red appearance. Mars, together with Jupiter, Saturn,, 
and Herschel, are called superior planets; because the orbit of 
the earth is inclosed by their orbits. 

Ch, At what distance is Mars from the sun? 

Fa, About 142 millions of miles. The length of his year 
is equal to nearly 687 of our days; and therefore he travels at 
the rate of more than 53 thousand miles in an hour: his 
diurnal rotation on his axis is performed in 24 hours, 39 min. 
and 21 sec.; which makes his figure that of an oblate spheroid: 
and his synodine revolution, or return to the same position in 
respect to the earth and sun, is nearly 780 days: and the in- 
clination of his axis to the ecliptic is 30® 18'. 

Ja, How is the diurnal motion of this planet discovered? 
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Fa, By means of a very large spot which is seen distinctly 
on his disc, when he is in that part of his orbit which is op- 
posite to the sun and earth, 

Ch, Is Mars as large as the earth? 

Fa, No: his diameter is but 4100 miles; which is but little 
more than half the space of the earth’s diameter: and in con- 
sequence of his distance from the sun, he will not enjoy one 
half so much of light and heat as we enjoy, 

Ja, And yet, I believe, he has not the benefit of a moon. 

Fa, No moon has ever been discovered belonging either to 
Mercury, Venus, or Mars. 

Ch. Do tlie superior planets exhibit appearances of direct 
and retrograde motion similar to those of the inferior 
planets? 

Fa. Yes: Suppose, s, the sun; 
a, h, d,f, A, tlie earth, in different 
parts of its orbit, and Mars 
in his orbit. When the earth is 
at o. Mars will appear among 
the fixed stars at x. When, by 
its annual motion, the earth has 
arrived at c?, and/, respectively, 
the planet Mars will appear in 
the heavens aty, andt^. When 
it has advanced to g, it will ap- 
pear stationary. To the earth, 
in its journey from g to /i, tlie 
• planet will seem to go backwards, 
or retrograde in the heavens from o to 2 :; and this retrograde 
motion will be apparent till the earth has arrived at a, when 
the planet will again appear stationary, 

Ja. I perceive that Mars is retrograde w’hen in opposition; 
and the same is, I suppose, applicalde to the other superior 
planets; but the retrograde motion of Mercury and Venus is 
when those planets are in conjunction. 

Fa. You are right: and you see the reason, I dare say, why 
the superior planets may be in the West in the morning, 
when the sun rises in the East, and the reverse. 

Ch, For when the earth is at d. Mars may be at n: in 
which case the earth is between the. sun and the planet. I 
observe also that the planet Mars, and consequently the other 
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Bupenor planets, are much nearer the earth at one time 
at others. 

Fa, The difference, with respect to Mars, is no less than 
190 millions of miles; the whole length of the orbit of the 
earth. This will be a proper time to explain what is meant 
by the heliocentric longitude of the planets, referred to in the 
Ephemeris. 

Ja, Yes; I remember you promised to explain this when 
you came to speak of the planets; I do not know the meaning 
of the word heliocentric. 

Fa, It is a term used to express the place of any heavenly 
body, as seen from the sun; whereas the geocentric place of a 
planet is the position which it has when seen from the earth: 
heliocentric is from the Greek helios “ the sun,” and 

centron (tcevrpov) a centre;” and geocentric from ge (yrj) the 
earth,” and centron (icevrpov) “ a centre.” 

Ch, Will you show us, by a figure, in what this difference 
consists? 

Fa, I will: let s represent the 
place of the sun; h Venus in its 
orbit; a the earth in hers; and c 
Mars in his orbit; and the outer- 
most circle will represent the sphere 
of fixed stars. !Now, to a spectator 
on the earth, a, Venus will appear 
among the fixed stars in the be- 
ginning of Scorpio; but, as viewed 
from the sun, she will be seen be- 
yond the middle of Leo. Therefore 
the geocentric longitude of Venus 
will be in Scorpio, but her heliocentric longitude will be in 
Leo. 

Again, to a spectator at a, the planet Mars, at c, will appear 
among the fixed stars towards the end of the sign Pisces; but, 
as viewed from the sun, he will be seen at the beginning of 
the sign Aries: consequently the geocentric longitude of Mars 
is in Pisces ; but his heliocentric longitude is in Aries. 

Ch, How is the fiery redness of the light of Mars accounted 
for? 

Fa, It is the opinion of Dr. Herschel that Mars is in- 
habited; and he has discerned distinctly the outlines of con- 
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tinents and seas. It is the construction of the former, he 
thinks, which gives the planet the ruddy appearance it has, 
and from tie seas is reflected a greenish hue. He has also 
observed brilliant white spots upon its poles which he ima^ 
gines to be snow; for they disappear when they have been 
long exposed to the sun, and are more extended and distinguish- 
able when just emanating from their winter season. 

QUESTIONS FOR EXAMINATION. 

What are the superior planets, and morning, when the sun rises in the east, 
why are they so called? — At what and the reverse. — How much nearer 
distance is Mars from the sun, and what to the earth is Mars than the other 
is the length of his year? — How was superior planets at onetime than at 
the diurnal rotation of this planet dis- another ? — What is meant by the 
covered ? — What is the magnitude of heliocentric longitude of a planet ? — 
Mars, and what proportion of light and What is the geocentric place of a planet? 
heat does he enjoy from the sun? — — Explain by fig. 19 in what the dif- 
Explain by fig. 18 the direct and ap- ference between the heliocentric and 
parent retrograde motions of the supe- geocentric longitude of the {daneta 
rior planets. — Tell me why the supe- consists, 
rior planets may be in the west in the 


CONVERSATION XXL 

OP THE SMALL PLANETS, AND OF JUPITER. 

Father, Next to Mars we come to fifteen of the more 
recently discovered planets. I told you, in Conversation V., 
that there were altogether twenty-three planets. Of these 
the orbits of three are within that of Mars, those of fifteen 
are between those of Mars and Jupiter, and the orbits of 
three are beyond that of J upiter. Now, can you tell me the 
respective distances of these fifteen from the sun, the length 
of their annual revolutions, and whence they derived their 
names ? 

Ch. I think so. 

Flora has a period of revolution equal to 1193 days, being 
the shortest of any of her companion planets; her mean dis- 
tance from the sun being 209,826,000 miles. Her name was 
given her by Sir J. Herschel, and a flower, the “ Rose of 
England,” was chosen as her symbol. 

Victoria has a period of 1302 days; and her mean dis- 
tance is 222,373,000 miles. She received her name in honour 
of our queen: the rule hitherto followed in regard to the 
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minor planets requiring a female name, taken from either 
the Greek or the Roman mythology. 

Vesta performs her revolution in 3*6284 years, at a mean 
distance of 225,000,000 miles. She was named after the 
goddes s Vesta, the daughter of Saturn, and sister to Ceres 
and J lino. 

Metis requires 3*686 years for her revolution, and her 
mean distance is 227,387,000 miles. Metis, in Grecian mytho- 
logy, was the first wife of Jupiter, she was one of the Ocean- 
ides or sea-nymphs. 

Ibis requires 3*6844 years, or 1346 days, and the mean 
distance is 227,334,000 miles. Iris was named after the 
sea-nymph of that name, also one of the Oceanides. 

Hebe takes 3*7761 years, and the distance is 231,089,000 
miles. Hebe, in mythology, was a daughter of J u pi ter and 
Juno. 

Parthenope, 1401 days, or 3*838 years; and the mean 
distance, 233,61 1,000 miles. Here name was adopted from 
that of one of the Sirens. The ancient name of the city of 
Naples, the residence of M. de Gasparis, the discoverer of 
this planet, was Parthenope. 

AsTRiEA has a period of revolution of 151 1 days, and a mean 
distance of 245,622,000 miles. The mythological Astraea was 
the goddess of Justice, and during the iron age she was driven 
to heaven by the wickedness and impiety of mankind. 

Egbria, 1505 days, and 244,940,000 miles. The nymph 
Egeria was the councillor of Numa Pompilius. 

Irene, 4*15 years, and 246,070,000 miles. Irene was one 
of the daughters ol’ Jupiter, and her name was adopted in 
allusion to the peace prevailing in Europe at the time of the 
discovery of the planet. 

Eunomia, 1574 days, or 4*308 years^ and 252,300,000 
miles. Eunomia was a sister of Irene. 

Juno, 4*3594 years, and 253,312,000 miles. Juno was 
the daughter of Saturn, and sister to Jupiter, Neptune, Vesta, 
and Ceres. 

Ceres, 4*6033 years, and 263,713,000 miles. 

Pallas, 1687 days, or 4*6175 years, and 284,256,000 miles. 
Pallas was a daughter of Jupiter. 

Htgeta, 2044 days, or 5*594 years, and 300,322,000 miles. 
Hygeia was the goddess of health. 

Fa, There are three planets, as I told you, whose orbits 
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are beyond that of Jupiter, viz., Saturn, Uranus, and Nep- 
tune: these we shall consider directly; but I shall take this 
opportunity of stating to you, that the mean distance of Nep- 
tune from the sun is 2,862,457,000 miles, and its period of 
revolution 6,012,671 days, or rather more than 164^ years. 

CA. Who discovered Neptune ? 

Fa. The question is incapable of a direct answer. 

The discovery of Neptune forms one of the most beautiful 
illustrations of the exactness and dependency to be placed upon 
astronomical investigations, and marks in a signal manner 
the maturity of astronomicsd science. The proof, or at least 
strong presumption, of the existence of a planet occupying 
the position of Neptune, as a means of accounting, by its 
attraction, for certain irregularities observed in the motions 
of Uranus, was afforded almost simultaneously by Mr. Adams, 
of Cambridge, and M. Leverrier, of Paris. These philosophers 
were enabled, /row theory alone^ to calculate whereabouts it 
ought to appear in the heavens, if visible, the places thus inde- 
pendently calculated agreeing surprisingly. A letter being 
sent by M. Leverrier to M. Galle, of Berlin, requesting him 
to look for a planet in that spot in the heavens, this gentleman 
did so, and discovered Neptune on the same evening. This 
remarkable verification of an indication so extraordinary 
took place on the 23rd of September, 1 846. 

The relative sizes of these planets have not been accurately 
determined; nor can this be wondered at, considering how 
recently several of them have been discovered. .But the fol- 
lowing illustration, by Sir J. Herschel, will give a general 
notion of that of some of them. Choose any well-levelled 
field or bowling-green. On it place a globe, two feet in 
diameter; this will represent the sun; Mercury will be repre- 
sented by a grain of mustard seed, or the circumference of a 
circle 164 feet in diameter for its orbit; Venus, a pea, on a 
circle 284 feet in diameter; the earth, also a pea, on a circle 
of 430 feet; Mars, a rather large pin’s head, on a circle of 
654 feet; Juno, Ceres, Vesta, and Pallas, grains of sand, in 
orbits of from 1000 to 1200 feet; Jupiter, a moderate-sized 
orange, in a circle nearly half-a-mile across; Saturn, a small 
orange, on a circle of four-fifths of a mile; Uranus, a full- 
sized cherry, or small plum, upon a circumference of a circle 
more than a mile and a half; and Neptune, a good-sized 
pluxn» on a circle about two and a half miles in diameter. 
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Fa, proceed now to Jupiter, the Jargest of all the 
planets, \vhich is easily known by his peculiar magnitude and 
brilliancy. 

Ch, Is Jupiter larger than Venus? 

Fa, Though he does not appear so large, yet the magnitude 
of Venus bears but a very small proportion to that of Jupiter, 
whose diameter is 87,000 miles, eleven times that of the earth, 
consequently, his bulk will exceed that of the earth 1300 
times. His distance from the sun is estimated at nearly 490 
millions of miles. 

Ja, Then he is more than Jive times further from the sun 
than the earth, and consequently, as light and heat diminish 
in the same proportion as the distances from the illuminating 
body increase, the inhabitants of Jupiter enjoy but a twenty- 
fifth part of the light and heat, afforded by the sun, that we 
enjoy. 

Fa, Another thing remarkable in this planet is, that he re- 
volves on his axis, which is perpendicular to his orbit, in 9 
hours, 55 min. 50 sec. ; and, in consequence of this swift 
diurnal rotation, his equatorial diameter is 6000 miles greater 
than his polar diameter, and found to be in the proportion of 
15 to 14. 

Ch, Since, then, a variety in the seasons of a planet de- 
pends upon the inclination of the axis to its orbit, and since 
the axis of Jupiter has no inclination, there can be no differ- 
ence in his seasons, nor any in the length of his days and 
nights. 

Fa, You are right: his days and nights are always five 
hours each in length; and at his equator and its neighbour- 
hood there is perpetual summer, and in his polar region a 
continual winter. 

Ja, What is the term of his annual revolution? 

Fa, It is equal to nearly 12 of our years; for he takes 11 
years, 317 days, 14 hours, 2 min. and 8^ sec. to make a re- 
volution round the sun; consequently he travels at the rate of 
more than 28,000 miles in an hour. 

This immense planet is accompanied by four satellites, 
which revolve about him, nearly in the plane of his equator, 
exactly in the same manner as the moon revolves round the 
earth, and at different distances, and in different periodical 
times; iki&Jirst in about 1 day and 18 hours; the second in 3 

N 
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days, 13 hours; the third in 7 days, 3 hours; and the 
fourth in 16 days and 16 hours. They were discovered by 
Galileo in 1610, immediately after the invention of the tele- 
scope. They are also of considerable magnitude compared 
with the earth; their diameters may be estimated as follows; — 
that of the first rather less than ^ of that of the earth; of the 
second, of the third, which is about the size of Mars; 
and of l^e fourth, rather more than 

Ch, And are these satellites, like our moon, subject to 
eclipses? 

Fa, Yes: and they can be observed with the greatest pre- 
cision; these eclipses also are of considerable importance to 
astronomers in ascertaining with accuracy the longitude of 
different places on the earth, and in determining the sidereal 
and synodical revolutions of the satellites. 

By means of the eclipses of Jupiter’s satellites, a method 
was also obtained by Roemer of demonstrating that the 
motion of light is progressive, and not instantaneous, as was 
once supposed; for the eclipses and emersions of Jupiter^s 
satellites become visible about 16 min. 26 sec. earlier when 
the earth is at its least distance from Jupiter, than when it is 
at its greatest. Hence it is found that the velocity of light is 
nearly 11,000 times greater than the velocity of the earth in 
its orbit, and more than a million of times greater than that of 
a ball fired from a cannon. It is estimated at 192,000 miles a 
second, so that rays of light occupy above a quarter of an hour 
in passing through the diameter of the earth’s orbit. 

Ch, In looking through a telescope at this planet we ob- 
serve several dark streaks across his disk, parallel to his 
equator; what are they, Papa? 

Fa, Those streaks are called the belts of Jupiter; and they 
vary in their appearance at different times, both as to their 
breadth and their situation ; spots have also been seen upon them, 
whence it has been imagined that these peculiarities are in the 
atmosphere of the planet, and produced by a strong current, 
analogous, in some respects, to our trade-winds. Dr. Herschel 
thinks it is the comparatively darker body of the planet that 
is presented to view in these streaks, because they do not ap- 
pear of so decisive a character on the edge of the disk, but 
gradually fade away as they approach it. 
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QUESTIONS FOR EXAMINATION. 

Wbat arc the smaller planets? — gard to this planet ? — Is there any dif- 
When arid by whom were they dis- lerence of seasons, or in the length 
covered ? — How is Jupiter known ?— day and night, in Jupiter? — What is 
What is t^< magnitude of Jupicer, and the length of Jupiter's year, and at 
whatishlo Uistance from the sun? — what rate does he travel ? — How many 
What proportion of light and heat does moons has Jupiter? — To what prao> 
lie enjoy from that luminary? — What tioal purpose have the eclipses of Jn» 
is the length of his days and nights P — piter's moons been applied? 

Is there anything remarkable with re- 


CONVERSATION XXII. 

OF SATURN. 

Father, We are now arrived at Saturn, which, previous to 
the discovery of Herschel, was esteemed the most remote 
planet of the solat* system; his appearance is less brilliant than 
that of Jupiter or of Venus. 

Ch, How is he distinguished in the heavens ? 

Fa, He shines with a pale dead light, very unlike the 
brilliancy of Jupiter; yet his magnitude seems to vie with 
that of fluplter himtSelf. The diameter of Saturn is nearly 
80,000 miles: his distance from the sun is about 890 millions 
of miles; and he performs his journey round that luminary in 
about 29^ of our years: consequently he must travel at a rate 
not much short of 21,000 miles in an hour. 

Ja, His great distance from the sun must render an abode 
on Saturn extremely cold, and dark too, in comparison with 
what we experience^ here. 

Fa, His distance from the sun being between 9 and 10 
times greater than that of the earth, he must enjoy about 100 
times less light and heat. It has nevertheless been calculated 
that the light of the sun at Saturn is 500 times greater than 
that which we enjoy from our fall moon, 

Ch, The day-light at Saturn, then, cannot be very con- 
temptible. I should hardly have thought that the light of the 
sun there was bOO times greater than that experienced from 
a full moon. 

Fa, So much greater is our meridian light than this, that, 
during the sun’s absence behind a cloud, when the light is 

N 2 



180 


ASTRONOMY. 


much weaker tlian when we behold him in all his glorious 
Bfilendour, it is reckoned that our day-light is 90,000 times 
greater than the light of the moon at its full. 

Ja. But Saturn has several moons, I believe. 

Fa, He is attended by seven satellites or moons, whose pe- 
riodical times differ very much. The following table will 
show you the mean distances of each satellite from Saturn, 
and give you also their periods of sidereal revolution. 


Satellite, 

1 

2 

3 

4 

5 

6 

7 


Mean Distance. 

3*351 

Periodic Time. 
d. h. m. 

O 9*? 

4*300 

1 

8 53 
21 18 
17 45 
12 25 
22 41 

5*284 

1 

6*819 

2 

9*524 

4 

22*081 

..... 15 

64*359 


7 55 


The most distant satellite was discovered by Huygens in 1665; 
four others by Dominic Cassini about 20 years later; while 
the two interior ones, which can only be seen under very pe- 
culiar circumstances, and by the most powerful telescopes, 
were discovered by Dr. Herschel in 1789. The seventh 
satellite is by far the largest, and is known to turn on its axis, 
and in its rotation is subject to the same law which our moon 
obeys; that is, it revolves on its axis in the same time that it 
revolves' about the planet. 

Besides these seven moons, Saturn is encompassed with two 
broad rings, which are probably of considerable importance in 
reflecting the light of the sun to that planet. Dr. Herschel 
gives the dimensions of these rings as follows: — 


Exterior diameter of exterior ring . . . 

Interior ditto . . . 

Exterior diameter of interior ring . , . 

Interior ditto . , . 

, Equatorial diameter of . the body .... 
Interval between the planet and interior ring 

Interval of the rings 

Thickness of the rings not exceeding . . 


Miles, 

176,418 

155,272 

151,690 

117,339 

79,160 

19,090 

1,791 

100 
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Thepe rings give Saturn a 
very different appearance from 
any of the other planets. Fig. 

20 is a representation of Saturn, 
as seen through a good telescope; 
and from the circumstance of 
the ring casting a dark shadow 
on the planet on the side nearest 
the sun, and receiving the shadow of the planet on the oppo- 
site side, there can he no doubt but that the ring is composed 
of some solid and ponderous material; while as to its useful- 
ness, all must at present rest on conjecture. 

Ch. Is it known whether Saturn turns on its axis? 

Fa, According to Dr. Herschel, it has a rotation about its 
axis in 10 hours 29 min. 16*8 sec. This he computed from 
the equatorial diameter being greater than the polar diameter, 
in the proportion nearly of 11 to 12. Dr, Herschel has also 
discovered that the ring just mentioned revolves about the 
planet in 10 hours and a half. 

Saturn has a diameter of 76,068 miles, consequently he is 
nearly 1000 times larger than the earth, 

QUESTIONS FOR EXAMINATION. 



Fig. 20. 


How is Saturn distinguished in the 
heavens ? How large is Saturn, and 
at what distance is he from the sun? — 
What is the length of his year, and at 
what rate does he travel ? — What 
proportion of light and heat does he 
enjoy from the sun ? — Do you recollect 


how much greater daylight is than the 
light of the moon at its full? — How 
many moons has Saturn? — What 
other peculiarities are noticed with re- 
gard to Saturn? — Is the length of 
Saturn’s day and night known ? 


CONVERSATION XXIIL 

OF HERSCHEL OR URANUS. 

Father, We have but one other planet to describe: that is 
Herschel. 

Ja, Was it discovered by Dr. Herschel? 

Fa, It was, on the 13th of March, 1781, and therefore, by 
astronomers in general, as mentioned in a former conversation, 
it was denominated the planet Herschel. It is, however, now 
more usually called Urarms, a word derived from the Greek 
imranos (ovpayoc) ‘‘ heaven.” It had also been previously ob- 
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served by Flumsteadi Bradley, Meyer, and Lemonnier, but 
they did not consider it to be a planet. 

Ch* I do not think that I have ever seen this planet. 

JFVk. Its apparent diameter is too small to be diseemed 
readily by the naked eye; but it may be easily discovered in a 
clear night, when it is above the horizon, by means of a good 
telescope; its situation being previously ascertained from the 
Ephemeris. 

Ja, Is it owing to the smallness of this planet, or to its 
great distance from the sun, that we cannot see it with the 
naked eye? 

Fa, Both these causes are combined. In comparison with 
Jupiter and Saturn, it is small; his diameter being about 
85,000 miles, nearly four and a half times that of the earth; 
and his distance from the sun is estimated at more than 1800 
millions of miles from that luminary, around which, however, 
he performs his journey in 84 of our years: consequently he 
must travel at the rate of 16,000 miles in an hour. 

Ch. But if this planet was only discovered in 1781, how is 
it known that it will complete its revolution in 84 years? 

Fa, By a long series of observations it was found to move 
with such a velocity as would carry it round the heavens in 
that period. Moreover, when it was discovered, it was in 
Gemini, and it is now advanced far among the signs of the 
Zodiac, almost a fourth part of its journey. 

Ja, How many moons has the planet Herschel? 

Fa, He is supposed to have six satellites or moons; but the 
existence of more than two is not clearly made out ; one of 
these, the nearest to the planet, performs his revolution round 
the primary in 8 days, 16 hours, 56 min. and 3 1*3 sec.; and 
the other takes 13 days, 11 hours, 7 min. and 12*6 sec. for 
his journey. 

Ch, Is there any idea formed as to the light and heat en- 
joyed by this planet? 

Fa. His distance from the sun is 19 times greater than that 
of the earth; consequently, since the square of 19 is 361, the 
light and heat experienced by the inhabitants of that planet 
must be 361 times less than we derive from the rays of the sun. 

The proportion of light enjoyed by the planet Herschel has 
been estimated at about equal to the eifect of 248 of our full 
moons. This planet is about 80 times larger than the earth 
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QXJESTIOKS FOB BXAIOKATIOK. 

Itf the planet Henehel easily die- at what rate does he travel?—- How 
tinguiehcd ? — How large is this planet, many moons has the planet Henchd ?— 
and at what distance ie he fhun the euxi ? What is the proportion of light and heat 
— Wha< the length of hie year, and which this planet enjoys from the sun? 


CONVERSATION XXIV. 

OF COMETS. 

Father, Besides the eleven primary planets, and the eigh- 
teen secondary ones, or satellites, which we have been de- 
scribing, there are other bodies belonging to the solar system, 
called comets. 

Ch, Do comets resemble the planets in any respects ? 

Fa, Like them, they are supposed to revolve about the sun 
in elliptical orbits, very elongated, and to describe equal ai'eas 
in equal times; and they are only visible during the short 
time they are in the perihelia of their orbits, and they do not 
appear to be adapted for the habitation of animated beings, 
owing to the great degrees of heat and cold to which they, in 
their course, must be subjected from this great eccentricity of 
their orbit; nor do they travel like the planets from west to 
east, but in all directions indifferently. 

The comet seen by Sir Isaac Newton in the year 1680, 
immediately after its perihelian passage, was observed to 
approach so near the sun, that its heat was estimated by that 
great man to be 2000 times greater than that of red-hot iron: 
and further, that its length amounted to the enormous extent 
of 41,000,000 leagues. 

Ja, It must have been a very solid body to have endured 
such a heat without being entirely dissipated. 

Fa, So, indeed, it should seem: and a body thus heated 
must retain its heat a long time; for a red-hot globe of iron, 
of a single inch in diameter, exposed to the open air, will 
scarcely lose all its heat in an hour; and it is said, that a 
globe of red-hot iron, as large as our earth, would scarcely 
cool in 50,000 years.* 

Ch, Are comets numerous, and their periodical times wel 
known? 

» See Enfield's Institutes of Nutural Philosophy, p. 296. 2nd edition. 
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Fa. The orbits of 129 comets have been determined; but 
only 68 have a direct motion; the remaining 61 have been 
found to have a retrograde motion, and, what is surprising, 
their orbits intersect the ecliptic in every imaginable angle. 
However, out of all this number there are but three whose 
returns to the sun in successive revolutions have been verified 
by actual observation, and brought within any degree of cer- 
tainty. The first is named Halley's comet, the return of 
which is in every 75 years. The second, Encke^s comet, whose 
return is in about 3^ years; and thirdly, BielxCs comet, which 
returns in about 6 years and 8 months. 

The first of these appeared in the years 1531, 1607, 1682, 
1759, and in 1835; it took its name from Dr. Halley, who 
applied Newton’s laws and established its periodical returns. 

The second, or Encke's comet, so named from Professor 
Encke of Berlin, who computed its elliptic elements, appeared 
in 1789, 1795, 1801, and 1805; but its periodic returns were 
not established till 1819. It was visible in 1825, 1828, and 
1832, but from observations it is thought that its period of 
return is continually diminishing. 

The third, or BiMs comet, named after its discoverer, who 
was an Austrian officer, appeared in 1772, 1789, 1795, 1832 
1839, and in 1846. It is a small comet, having no tail. 

Some comets have been observed, wdiose greatest distance 
was eleven thousand two hundred millions of miles from the 
sun; and whose least distance from the sun’s centre was but 
forty-nine thousand miles; and in this part of its orbit it 
travelled at the immense rate of 880,000 miles in an hour. 

Ja. Do all bodies move faster or slower in proportion as they 
are nearer to, or more distant from, their centre of motion ? 

Fa. They do: for if you look back upon the last six or 
seven lectures, you will see that the planet Herschel, which 
is the most remote planet in the solar system, travels at the 
rate of 16,000 miles an hour; Saturn, the next in order, 
21,000, miles; Jupiter, 28,000 miles; Mars, 53,000 miles; the 
earth, 65,000 miles; Venus, 75,000 miles; and Mercury at the 
rate of 105,000 miles in an hour. But here we come to a 
comet, whose progressive motion, in that part of its orbit 
which is nearest to the sun, is more than equal to eight times 
the velocity of Mercury, 

Ch. Why are they called comets^ Papa? 
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Fa, The word comet is derived from the Greek come (ico/ui?) 
‘‘ hair:” and has been applied to these heavenly bodies from 
the circumstance of their having the appearance of being at- 
tendc ^ by a beard or hair. The central and more luminous 
part is cdled the nucleus: if this nucleus is encircled by a 
nebulous appearance, it is called a haired comet; if a nebulosity 
or luminous tail follows the comet like a train, it is called a 
tailed comet; if the nebulosity precedes, it is called a ftecrrrfcrf 
comet. But these distinctions are not observed in modern 
works on astronomy: for whether they have any nebulosity or 
tail, or not, they are simply called comets, 

Ch, Of what are comets constructed? Are they supposed to 
be of the same nature as the planets, or the stars? 

Fa, The physical constitution of comets, though it has been 
subject to the most learned inquiry, is still involved in much 
obscurity; and Dr. Herschel adds, that no rational or plausible 
explanation has been yet offered in respect of the tail. It is 
extremely probable that the comets are merely collections of 
gaseous matter: the nucleus,^ when seen through the most 
powerful telescopes, seems to have no solidity, though in some 
a minute stellar point has been observed bearing the character 
of a solid body; and the luminous appendage also seems to 
have the nature of smoke, fog, or cloud, yet still all is, at 
present, hypothetical. 

Ch, Were not comets formerly dreaded, as awful prodigies, 
exciting great alarm among the inhabitants of the world? 

Fa, Yes; to uninformed people they have been a source of 
terror, from a superstitious notion of their foreboding evil to 
the world, of being the harbingers of indefinite and un - 
avoidable calamity. 


QUESTIONS FOR EXAMINATION. 

In wnat respects do comets resemble bodies move faster or slower in propor- 
the planets ? — Wliat is said of the tion as they are nearer to, or more dis- 
comet seen by Sir 1 . Newton in 1680 ? — tant ft-om, their centre of motion? — 
Is there an3rthing known with certainty What is the nature of comets ; and why 
in regard to the periodical times of are they so called ? — Explain their 
comets? — How is it shown that all different parts. 



186 


ASTBONOMY. 


CONVERSATION XXV. 

OF THE SUN. 

Father, Having given you a particular description of the 
planets which revolve about the sun, and also of the satellites 
which travel round the primary planets as central bodies, 
while they are carried at the same time with these bodies 
round the sun, we shall now take some notice of the s^^n 
himself. 

tTh. You told us, a few days ago, that the sun has a rota 
tion on its axis. How is that known ? 

Fa* By the many dark spots on his surface, it is ascertained 
that he completes a revolution from West to East on his 
axis in about 25 days, two days less than his apparent revo- 
lution, in consequence of the earth’s motion in her orbit, in 
the same direction. 

Ch, Is the figure of the sun globular ? 

Fa, No; the motion about its axis renders it spheroidal, 
having its diameter at the equator greater than that wliich 
passes through the poles. 

The sun’s diameter is estimated at 892,000 miles, which is 
equal to upwards of 100 diameters of the earth ; and there- 
fore his bulk is about 1,400,000 times greater than that of the 
earth: but the density of the matter of which it is composed 
is four times less than the density of our globe, yet his volume 
is 500 times greater than that of all the planets taken 
together. 

We have already seen that, by the attraction of the sun, 
the planets are retained in their orbits, and that to him they 
are indebted for light, heat, and motion. 

Ch, What, Papa, did you say was the distance of the sun 
from the earth ? 

Fa. The sun is estimated to be 96 millions of miles from 
the earth, and were a cannon-ball of 241bs, weight, to be im- 
pelled by about 8 lbs. of gunpowder, at the velocity of 1600 
feet in a second, it would take ten years to reach the sun, if it 
proceeded with the same uniform velocity. Sound would take 
more than 13 years to pass from us to the sun; and light, which 
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travels at the rate of 192,500 miles in a second, occupies 8 min. 
1 8 sec. to reach us from the sun. 

Ch, Is the sun supposed to be inhabited, Papa ? 

Fa, Of all the orbs the sun we know is the most conspi- 
cuous and the most magnificent; and through him all the 
worlds are enlightened, and by his presence we behold the 
day. 

The first thing that strikes the mind, in contemplating this 
brilliant orb, is its astonishing magnitude, which, as we have 
just observed, is more than a million times larger than our 
earth. 

From the effects which this immense body has in enlight- 
ening and warming us, and in promoting vegetable and animal 
life, we should naturally be disposed to believe it were a vast 
body of fire; but this opinion, although it prevailed for ages, 
is now almost rejected. 

Some astronomers consider it not improbable, that the 
sun may so nearly resemble the earth, as to he a suitable 
residence for rational and immortal beings. Others again 
consider it to be an immense furnace, but everything con- 
nected with this subject is conjecture, and we must at last 
exclaim, v/ith many others, “ the sun is a vast mystery.” 


QUESTIONS FOE EXAMINATION. 


How is it. known tlmt the sun turns 
cu its axis ? — In what time is this re- 
volution made ? — What is the figure 
of the sun ? — What is tlie size of tliis 
body ? — What is the solar system ? — 
Why so called ? — What are the names 
of the several planets which constitute 
the solar system ? — How many satel- 
lites or moons are there ? — Which of 
tile planets have moons ? — Which 


have not? — Describe the sun. — What 
methods did astronomers adopt to ob- 
tain a knowledge of the distance of the 
sun from tlie earth ? — Of what is it the 
source ? — What constitutes day ? — 
What night? — What is the diameter 
of the sun ? — What his distance from 
the earth ? — What is the opinion of 
philosophers as to what constitutes the 
body of the sun ? 


CONVERSATION XXYl. 

OF THE FIXED STARS, AND OF THE SHOOTING STARS. 

Father, We will now, before closing our Astronomical Con- 
versations, refer again to the fixed stars, which, h’ke our sun, 
shine by their own light. 
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Ch, Is it certain that the fixed stars are of themselves 
luminous bodies; and that the planets borrow their light from 
the sun? 

Fa. By the help of telescopes it is seen that Mercury, 
Venus, and Mars shine by a borrowed light, for, like the 
moon, they are observed to have different phases according 
to their situation with regard to the sun. The immense dis- 
tances of Jupiter, Saturn, and Herschel, do not allow the 
difference between the perfect and imperfect illumination of 
their discs or phases to be perceptible. 

Now, the distance of the fixed stars from the earth is so 
great, that reflected light would be much too weak ever to 
reach the eye of an observer here. 

Ja, Is this distance ascertained with any degree of pre- 
cision? 

Fa. It is not: but it is known with certainty to be so 
great, that the whole length of the earth’s orbit (viz. 190 
millions of miles) is but a point in comparison of it: and hence 
it is inferred, that the distance of the nearest fixed star can- 
not be less than a hundred thousand times the extent of the 
earth’s orbit;* that is, a hundred thousand times 190 millions 
of miles, or 19,000,000,000,000 miles. This distance being 
immensely great, the best method of forming some clear con- 
ception of it is to compare it with the velocity of some 
moving body by which it may be measured. The swiftest 
motion we are acquainted with is that of light; which, as we 
have seen, is at the rate of 12 millions of miles in a minute: 
and yet light would be about three years in passing from the 
nearest fixed star to the earth. 

A cannon-ball, which may be made to move at the rate of 
20 miles in a minute, would be 1800 thousand years in tra- 
versing this distance. Sound, the velocity of which is 13 
miles in a minute, would be more than 2 million 7 hundred 
thousand years in passing from the star to the earth. So that 
if it were possible for the inhabitants of the earth to see the 
light, to hear the sound, and to receive the ball of a cannon 
discharged at the nearest fixed star, they would not perceive 
the light of its explosion for three years after it had been fired; 
nor receive the ball till 1800 thousand years had elapsed; nor 

* See Dr. Enfield's Institutes of Natural Fbilosophy, p. 347. Second edition. 



OF THE FIXED STAES. 


189 


hear the report for 2 millions and 7 hundred thousand years 
after the explosion. 

Ch, Are the fixed stars at different distances from the earth? 

Fa, Their magnitudes, as you have learned, appear to be 
differeut from one another; which difierence may arise either 
from a diversity in their real magnitudes or in their distances, 
or from both conjointly. It is the opinion of Dr. Herschel, that 
the difierent apparent magnitudes of the stars arise from the 
different distances at which they are situated; and he there- 
fore concludes that stars of the seventh magnitude are at 
seven times the distance from us that those of the first mag- 
nitude are. • 

By the assistance of his telescopes he is able to discover 
stars at 497 times the distance of Sirim, the Dog-star: from 
which he infers that with more powerful instruments he 
should be able to discover stars at still greater distances. 

Ja. I recollect that you told us once, that it had been sup- 
posed, by some astronomers, that there might be fixed stars 
at so great a distance from us, that the rays of their light 
had not yet reached the earth, although they had been travel- 
ling at the rate of 12 millions of miles in a minute, from the 
first creation to the present time. 

Fa. I did: it was one of the sublime speculations of the 
celebrated Huygens. Dr. Halley has also advanced what, he 
says, seems to be a metaphysical paradox; viz. that the num- 
ber of fixed stars must be more than finite, and some of them 
at a greater than a finite distance from others: and Mr. Addi- 
son has justly observed, that this thought is far from being 
extravagant, when we consider that the universe is the work 
of Infinite Power, prompted by Infinite Goodness, and having 
an infinite space to exert itself in; so that our imagination 
can set no bounds to it. And Dr. Herschers discoveries go 
very far to establish the truth of these conjectures. 

Ch. What do you suppose is the use of these fixed stars to 
us on the earth? Not to enlighten the earth, I imagine; for a 
single additional moon would give us much more light, espe- 
cially if it were so contrived as to afford us its assistance at 
those intervals when our present moon is below the horizon. 

Fa. Your conjectures are reasonable: they do not seem to 
our shallow reasoning powers to have been created for our use, 
since thousands, and even millions, are never seen but by the 
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ttwutance of glasses^ to which but few of our race have access: 
and I feel that your minds are too enlightened to imaging 
like children unaccustomed to reflection, that all things were 
created for the enjoyment of man alone. The earth on 
which we live is but one of eleven primary planets circulating 
perpetually round the sun as a centre, and with which are con- 
nected eighteen secondary planets or moons, all of which are 
probably teeming with living beings, capable, though in dif- 
ferent ways, of enjoying the bounties of the great First Cause: 
and which have been designed, beyond a doubt, for some great 
end, by the Omniscient Creator, too inscrutable for the pre- 
sumptive reasoning of mam 

The fixed stars, however, are probably suns, which, like 
our sun, serve to enlighten, warm, and sustain other systems 
of planets and their dependent satellites. 

Ja. Would our sun appear as a fixed star at any great 
distance? 

Fa. It certainly would: and Dr. Herschel thinks there is 
no doubt that it is one of the heavenly bodies belonging to 
that tract of the heavens known by the name of the Milky 
Way. 

Ch. I know the milky way in the heavens; but I little 
thought that I had any concern with it otherwise than as an 
observer. 

Fa. The milky way consists of fixed stars, too small to be 
discerned by the naked eye; and if our sun be one of them, 
the earth and other planets are closely connected with this 
part of the heavens. 

But, my dear children, it is time that we should bring this 
subject to a conclusion. I must not, however, forget to 
notice those well-known meteors, the Shooting Stars, the 
origin and nature of which are involved in great obscurity, 
and which have of late years excited great interest by their 
periodical appearances in unusually great numbers. The 
apparent magnitudes of these meteors are widely different; 
the greater part of them resemble stars of the 3rd, 4th, oth, 
and 6th magnitude, but some occur which surpass stars of the 
1st magnitude, and even exceed Jupiter and Venus in 
brilliancy. They are observed at all times of the year, but 
generally speaking they appear to be more abundant towards 
the end of summer, and in the autumn, especially about 
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the 12th anil 13tli of November. Yarious hypothes^es have 
been proposi'^ to account for these remarkable phenomena; in 
g^eral they have been regarded as meteors having their 
origin in the atmosphere, and electricity, magnetism, and 
hydrogen gas have in turn been assigned as their immediate 
causes. The hypothesis, however, first suggested by Chladni 
is that which appears to have met with most favour, having 
been adopted by Arago and other astronomers of the present 
day, to explain the November phenomena. It consists in 
supposing that independently of the great planets, there exist 
in the planetary region, myriads of small bodies, which cir- 
culate about the sun, generally in groups of zones, and that 
some of these zones intersect the ecliptic, and are consequently 
encountered by the earth in its annual revolution. 

To-morrow I will give you a little account of the history of 
this most interesting and most valuable science, by way of a 
concluding summary, which I beg you to read attentively. 

QUESTIONS FOR EXAMINATION. 

What proofs are there that the 1 the fixed stars ? — What has Dr. Hal- 
planets borrow their light from the | ley advanced respecting these bodies? 
win? — How is it known tiiat the fixed For what important purposes can we 
stars shine by their own light ? — Is suppose that the fixed stars were cre- 
the distance of the fixed stars known ? ated? — In what situation would our 
— How long would a ray of light be in sun appear as a fixed star ? — To what 
passing from the nearest fixed star to tract of the heavens is our sun supposed 
us ? — Whence does the apparent mag- to belong? — Of what does the milky- 
nltude of the fixed stars seem to arise? way consist ? — What are the shooting 
•—At what distance has Dr. Herschel stars? — On what hypothesis is their 
been able to discover stars? — AVhat periodical appearance most naturally 
does Huygens say of the distances of ! accounted for ? 


CONVERSATION XXVII. 

HISTORY OF ASTRONOMY. 

Charles. You promised. Papa, to give us a concise histoiy 
of this interesting science of astronomy; can you do so to-day? 

Fa. Yes; and I will read it to you; and I hope you will 
give it that attention which its importance deserves. 

Astronomy is the science that describes the heavenly- 
bodies; nfunely, the sun, moon, and stars, together with the 
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tbe d eMO M i j the tides and eclipses. It is a science 
irarthjT ef yonr highest consideration, and it is so beneficial 
in'^its eflbete to the mind of man, that it deserves our utmost 
attm^n, and claims our highest admiration. 

By this sublime science we are enabled to explore the whole 
umverse, so far as the human eye can reach, pursue the dif- 
lerent planets in their uniform course, and also trace the laws 
by which they perform their evolutions with so much order 
and harmony. 

These contemplations are worthy of every rational being, 
and have for many ages engaged the minds of the most en- 
lightened men of every nation. Indeed there is no study that 
80 readily leads man to a knowledge of his Creator, and the 
conviction of the duties he owes to God and society, as that 
of astronomy. 

The science of astronomy was first cultivated by the 
Chaldean^, the Phcenicians, and Egyptians. It was from them 
that the Greeks derived their first knowledge of this science, 
as also that of several others. 

Ja. Who was the first, Papa, that laid the foundation of 
astronomy among the Greeks? 

Fa, Thales, a native of Miletus, in Asia IVIinor, b.c. 641, 
who predicted an eclipse, and explained its cause. He taught 
that the earth was round, and divided its surface into five 
zones; he discovered the solstices and equinoxes, and divided 
the year into 365 days. 

The opinions of Thales were maintained and taught by his 
pupil Anaximander, who is said to have invented maps and 
dials, and also to have consti acted a sphere. 

Another of Thales’ scholars was Pythagoras, who is sup- 
posed to have been a native of the island of Samos. Pytha- 
goras travelled in quest of knowledge tlirough Phoenicia, 
Chaldea, India, and Egypt. Having returned from the East, 
he visited his native island, but meeting with little encourage- 
ment, he passed over into Italy, and opened a school in the 
city of Crotona; where he taught publicly the vulgar doctrine, 
that the earth Avas the centre of the universe; but to his 
scholars, he communicated his real opinions, which were 
aitnilar to those aftciwards adopted by Copernicus, of Thom, 
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inPmssi&y mud followed up by Sir Isaac Newton; namely, that 
the earth and all the planets move round the sun, as their 
centre; which doctrine Pythagoras is supposed to have de- 
rived fimn the Indians. 

Among the most celebrated of the ancient astronomers, 
after Pythagoras, were Ptolemy of Alexandria, in Egypt, 
Aristarchus, Eratosthenes, and Hipparchus. 

The school of Alexandria subsisted for about five hundred 
years after Ptolemy, till that city was taken by the Arabs, 
and its famous library destroyed (a. d. 642,) which served as 
fuel for six months to heat the baths of Alexandria. 

But the Arabs, in less than a century after they had burnt 
the library, and dispersed the learned men of Alexandria, 
began to have a taste for literature, and lamented the loss 
what their fathers had destroyed. 

They now collected the manuscripts which had escaped the 
flames, and their barbarity; when Bagdad, their capital city, 
in the reign of Haroun al Easchid, became the seat of learning, 
as Alexandria had been under the Ptolemies. 

That branch of mathematics, called Algebra, in which 
numbers and quantities are represented by signs and symbols, 
commonly by letters, was derived from the Arabs, who are 
supposed to have borrowed it from the Persians, and they from 
the Indians. As also the numerical characters or figures; 
namely, 1, 2, 3, 4, 5, 6, 7, 8, 9, and the 0, a cypher^ or Zero. 

Among the most celebrated characters of the middle, or dark 
ages, were Bede, his scholar Alcuin, and Roger Bacon; all 
natives of England. To their great learning, they joined the 
knowledge of astronomy, which was very considerable for the 
age in which they lived. 

In the fifteenth century two events happened which 
changed the face both of literature arid science: the invention 
of printing, about the year 1440; and the taking of Constan- 
tinople by the Turks, in 1453. 

The learned of that city having escaped from the cruelty 
of the victors, fled into Italy, and introduced into that countiy 
a taste for classical literature, which was greatly promoted by 
the munificence of the Emperor Frederic III.; Pope 
Nicholas V.; and particularly of Cosmo de' Medici; who 
justly merited the name of ^‘Father op his Country,” and 
Patron op the Moses.” 
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Among the most celebrated of the modern astronomers were 
Nicolas Copernicus, the restorer of the Pythagorean 
doctrine, and the author of the rational, or true system of 
astronomy, now universally received under the title of the 

CoPERNiCAN System:” he was born in Thorn, in Prussia, 
in 1473; also Tycho Brahe, Kepler, Galileo, Descartes, 
the great Sir Isaac Newton, and Dr. Herschel. 

Copernicus established the rotation of the earth round its 
axis, which is the cause of day and night, and its motion 
round the sun, which is the cause of the variety of the 
seasons. The doctrine of Copernicus, however, was not 
generally adopted ; as the most eminent philosophers of Europe 
still adhered to old opinions, as those of Ptolemy, and others 
of the ancients. 

The science of astronomy was greatly enriched by Tycho 
Brahe, a noble Dane, who was born in 1546. He adopted 
neither the system of Ptolemy, nor that of Copernicus. He 
supposed the earth to remain at rest, and the sun and moon to 
move round it, but all the other planets to move round the 
sun. This opinion, however, bad but few followers. 

Contemporary with Tycho was the celebrated Kepler, who 
was born at Weil, near Wirtemburg, in 1571. Kepler was 
considered as one of the greatest philosophers that ever lived; 
and by some is regarded as the discoverer of the New 
System of the WorldP He was an assistant to Tycho Brahe. 

Kepler united optics with astronomy, and thus made many 
important discoveries. He was the first who discovered that 
the planets move not in a circle, but in an ellipse; and that, 
^although they move sometimes faster, and sometimes slower, 
yet they describe equal areas in equal times. It was from the 
principles laid doTvn by Kepler, that Sir Isaac founded many 
of his discoveries. 

Contemporary with Kepler was Galileo, who was born at 
Pisa, in Italy, in 1564. Galileo was illustrious for his im- 
provements in mechanics, for his explanation of the effects of 
gravity, and for the invention, or at least the improvement, of 
tdiescopes. the use of which opened to liim a "wide field of 
wonders. 

He now observed with astonishment the increased magni- 
tude and splendour of the planets and their satellites, formerly 
invisible; which afforded additional proofs of the truth of the 
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Copernican system; particularly in discovering the satellites 
of Ju})iter, and the phases of Venus. He also discovered an 
innumerable number of stars, wliich the naked eye hitherto 
never . ould discern. 

Up to this period, the system of Copernicus had gained but 
few converts, and the greater part of the professors and learned 
men of Europe still supported the old doctrine. The Coper- 
nican system was first publicly defended in England by Dr. 
Wilkins, in 1660: in France by Gassendi, who published 
many valuable works on philosophy. He was born in 1 592, 
the year that Columbus discovered America, and died in 1655. 

Descartes, a celebrated philosopher, was born at La Haye, 
in France, in 1596. lie early distinguished himself by his 
knowledge of mathematics. His notions of astronomy were 
very similar to those of Copernicus. 

But of all the philosophers, the most celebrated was Sir 
Isaac Newton, who was born at Woolstrope, in the county of 
Lincoln, on Christmas-day, in 1642. No man ever con- 
tributed more to enlarge the boundaries of science than Sir 
Isaac Newton. 

The science of astronomy has been also greatly indebted to 
Dr. Herschel, who, by augmenting the powers of telescopes 
beyond the most sanguine expectations, opened a scene of in- 
vestigation altogether unlooked for. 

By this indefatigable observer, we were made acquainted 
with a new primary planet belonging to our system, called 
Herschel, or Uranus, which he discovered on the 18th of 
March, 1781; and which being twice the distance of Saturn 
from the sun, has doubled the bounds formerly assigned to the 

Solar System.” 

QUESTIONS FOR EXAMINATION. 

MTiat is astronomy? — By whom numerical figures? — Who were among 
was it first cultivated ? — Who was the most celebrated characters of the 
Thales, and for what distinguished ? — middle ages; and of what country 
Pythagoras ? what are his doctrines ? — were they natives ? — What great events 
Who was Ptolemy, and for what noted ? happened in the fifteenth century ; and 
• — By whom and when was the Alexan- what was the result ? — Who were 
drian library destroyed? — For what among the most celebrated ofthe modem 
were the Arabs noted? — What were astronomers; and of what countries 
their chief discoveries? — Bagdad? — were they natives ; and when bom?— 
^^m whom did the Europeans obtain And for what were they severally dis- 
^ knowledge of Algebra, and of the tinguished ? 

2 
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DEFINITIONS EXPLAINED. 

1. The heayenly bodies are either fixed stabs or plabets. 

2. The fixed stars always remain in the same relative position with respect 
to each other : but the planets are continually changing their places, both with 
regard to the fixed stars, and to themselves also. 

3. The ECiJPTic is an imaginary great circle in the heavens, which the sun 
appears to describe in the course of a year. 

4. The ECLIPTIC runs along the middle of a certain tract in the heavens called 
the Zodiac. 

6 . Within the Zodiac the planets are always found. 

6. The solar system” consists of the sun as a ” centre, of seven primary 
planets and eighteen satellites,” or secondary planets, besides four newly dis- 
covered small bodies, called by Dr. Herschel ** asteroids** 

7. The MOON is a secondary planet moving round the earth. 

8. The moon and the sun are on the meridian at the same time, eveiy new 
moon. 

9. All the planets move in orbits that are nearly circular, but which are 
really elliptical, having the sun in one tbcus. 

10. They are preserved in their orbits by the power of attraction, and the* 
centrifugal force, which exactly balance each other. 

11. The earth is a spherical body, the diameter of which is nearly 8000 miles 
long. It is not a perfect sphere, bujt a spheroid, the diameter from pole to pole 
being 88 miles shorter than that at the equator. 

12. The earth turns on an imaginary axis once in 24 hours, thereby pro- 
ducing to its inhabitants a constant succession of day and night. 

18. The axis of the earth is inclined about 28^o from the perpendicular. 

14. The diurnal motion of the earth, which cannot be made sensible to those 
who live upon it, leads the uninformed to believe that the heavenly bodies rise 
every day in the east and set in the west. 

15. The people on the equator travel by the diurnal motion of the earth at 
the rate of 1000 miles in an hour. 

16. The sensible horizon differs from the rational Aori>on in this, that the former 
is seen from the surface of the earth, and the latter is supposed to be viewed 
from its centre. 

17. The heavens arc in every part adorned with stars, but those above the 
horizon in the day cannot be seen owing to the stronger light of the sun. 

18. The earth has an annual motion round the sun, which it performs in about 
866^ days. 

19. The annual motion of the earth, and the inclined position of its axis, are 
the causes of the different lengths of the days and nights, and of the different 
seasons. 

20. Owing to the elliptical orbit of the earth, we are 8,000,000 of miles nearer 
to the sun in winter than in summer. 

21. The heat of summer depends on the greater perpendicularity of the rays 
of the sun, and upon the time which he Is above the horizon. 

22. The hottest part of the day is two or more hours after noon ; and the 
hottest part of the summer is a month or two after the longest day. 

28. The rotation of the earth; that is, the space of time which any particular 
meridian takes in revolving from a fixed star to that star again is 28 hours 
56 minutes and 4 seconds. This is called the sidereal day. 

24. The soUxr day is the time which any meridian of the earth takes in revolv- 
ing from the sun to the sun again : this is about 24 hours, a little more or less. 

25. Julius Cxbsar divided the year into 865 days and a quarter, making 
one year in four to contain 866 days, and the other three 865. 

26. The length of the year being only 865d 5A 48' 49" occasions the error of 
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^1. The Jidianyar continued in general use till 1582, when the error, which 
Amounted to 10 days, was corrected by Pope Gregory. Hence the • ** Ne» 
Style,** which was not adopted in England till the year 1756. 

28. Till this period, the year began in England on the 25th of March, but 
since, : lu; commencement of each year has been on January l.« 

29. J'ho periodical month, or the time which the moon takes in revolving from 
one point of the heavens to another, consists of 21 dlh 43'. 

30. The tynodical tnonih, or the time passed from new moon to new moon is 
SOJ Uh 44'. 

81. The moon shines with a light borrowed from the sun. 

32. The diameter of the moon is nearly 2200 miles in length, and she is 
240,000 miles distant from the earth. 

38. At change or new moon, that body is between the earth and sun. 

34. At frill moon, the earth is between the sun and moon. 

85. The length of a day and night in the moon is equal to rather more than 
twenty»nlne and a half of our days : the length of her year, which is measured 
by her journey round the sun, is equal to that of ours. 

36. One hemisphere of the moon is never in darkness : to the other there is a 
fortnight’s light and darkness by turns. 

37. The earth may be regarded as a satellite to the moon, and will appear to 
the inhabitants of that body, subject to all the changes which the moon under- 
goes. 

88 All the planets probably revolve about an imaginary axis, in varioiui 
periods of time, which constitute their day and night. 

39. In every planet, its revolution about Ihe sun forms its year. 

40. In most of the planets the axis is inclined to the orbit, which occasions the 
diversity of seasons. 

41. Eclipees of the mn are occasioned by the moon coming between the earth 
and the sun, and thus hiding its disc from our view. 

42. Eclipees of the moon are owing to the shadow of the earth projected by the 
sun falling upon the moon. 

48. The eclipses of the other satellites are caused by their coming into the 
shadows of their respective primaries. 

44. The TIDES are owing to the effect of the attraction of the moon and sun 
upon the waters of the sea. 

45. When the sun and moon act together they occasion spring tides ; when 
they counteract each other’s attraction, neap tides take place. 

46. The moon in general rises about three quarters of an hour later everyday 
than on the one preceding : but about the time of harvest, and some days before 
and after frill moon, it rises several nights together, within a few minutes of 
the same time. This is called the ** HarvesivMoom.” 

47. Mercury Is the planet nearest the sun. 

48. Mercury and Venus are called inferior planets, because they revolve in 
orbits included within that of the earth. They are called attendants upon the 
sun because they are always so near that body, as never to be seen on the one 
side of the heavens when he is on the other. 

49. Mercury revolves round the sun at the distance of 37 millions of miles, and 
his year is about 88 of our days. The heat which this planet enjoys is seven 
times greater than that experienced by the inbabitants of the earth. 

50. Venus is 49 millions of miles from the sun, and her year is about 224 of 
our days. 

51. The diameter of Venus is 7700 miles in length. She turns about her 


• Hence, in many books, we find such dates as this, Feb. 2, 1759-60. Because 
fhe months of January, February, and part of March were, according to the old 

•tyle, in 1769; but according to the new regulations they were in 1760, 
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ttdB in 28 hours and 20 minutes. The light and heat experienced by this planet 
•re abouttwioe as great as those which we eiyoy. 

62. Ybnus is an evening star when she h east of the sun* and a morning star 
while she is seen west of him. 

68. The of Venus happens twice in about 120 years. 

64. From the transit of Venus the distances of the other planets have been 
demonstrated. 

68. Mars is 144 miilions of miles from the sun : the length of his year is 687 
of our days; and the rotation on liis axis is performed in 24 hours 89 minutes. 

66. The diameter of Mars is only 4189 miles, and he ex\joys about half as 
much light and heat as we experience. 

67. The diameter of Jupiter is 90,000 miles, and his distance from the sun is 
estimated at 490 millions of miles. 

68. The year of Jupiter is equal to nearly 12 of ours, and a day and night in 
that planet are equal to ten hours. The inhabitants of Jupiter do noteigoy more 
than a twenty-fifth part as much heat and light as we do on the earth. 

59. The equatorial diameter of Jupiter is 6000 miles greater than the polar 
diameter. 

60. There is no inclination of the axis of Jupiter, and of course no variety of 
seasons. 

61. Jupiter has /our satellites, subject to be eclipsed like our moons. From 
these eclipses, it has been found that rays of light come from the sun to the 
earth in eight minutes i of course, light travels at the rate of 12 millions of miles 
in a minute. 

62. The diameter of Saturn is nearly 80 thousand miles in length; his distance 
firom the sun is mcn^ than 900 millions of miles, and his year is about equal to 
thirty of ours. 

68. Saturn enjoys 90 times less light and heat than are experienced by the 
earth ; nevertheless, the light of the sun at Saturn is equal to more than 600 
times that which we enjoy from the full moon. 

64. Saturn is attended by seven moons ; and' is encompassed by two broad 
rings, which are probably useful in refiecting light from the sun on the body 
of the planet. 

65. Saturn’s day and night is about 12^ hours, and his equatorial diameter ia 
onger than his polar diameter in the proportion of 11 to 10. 

66. The diameter of Herschel is nearly 86 thousand miles in length, and his 
distance from the sun is estimated at 1600 millions of miles. 

67. The year of Herschel is equal to 82 of our years. He has six satellites; — 
the light and heat enjoyed by this planet from the sun are more than 8G0 times 
less than we have ; the light is, however, equal to about 248 of our full moons. 

68. Comets are a species of planets moving in very eccentric orbits ; sometimes 
they are very near the sun, at other times at immense distances from him. 

69. All the heavenly bodies move faster or slower, in proportion as they are 
nearer to, or more distant from their centre of motion. 

70. Comets are frequently accompanied by a luminous train, called the tail. 

71. The SUN has a rotation on his axis firom west to east, which he completes 
In about 26 days, which is two days less than his apparent revolution. 

72. The sun’s diameter is equal to 100 diameters of the earth, his bulk is ac- 
cordingly about a million of times greater than that of the earth : but the density 
of the matter of which the sun is composed, is four times less than the density of 
our globe. 

73. The FIXED STARS are probably suns at immense distances from us and from 
each other: and our sun is only a fixed star much nearer to us, forming the 
centre of our system. 

74. So distant is the nearest fixed star from us, that a ray, which travels at 
the rate of 12 millions of miles in a minute, would be three years in passing firom 
it to us. 
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HYDEOSTATICS. 

FIRST CONVERSATION. 
lOTRODUCTIOlSr. 


FATHER — CHARLES EMMA. 

Father, In pursuing our study of Natural and Experimental 
Philosophy, we shall now proceed with that branch of science 
which is called ‘‘ Hydrostatics.” 

Em. That is a difficult word, Papa. vV^hat are we to un- 
derstand by it? 

Fa, Almost all the technical terms made use of in science 
are either Greek, or derived from the Greek language, as I 
have previously told you. The word hydrostatics is formed 
of two Greek words hydor (v^wp) “ water,” and statics from 
(oraw) “ I stand,” and is the science which considers 
the weight or equilibrium of bodies. But Hydrostatics, as a 
branch of Natural Philosophy, treats of the nature, pressure, 
motion, and equilibrium of fluids in general, and likewise of 
the methods of weighing solids in them. 

Ch. Is this an important part of knowledge? 

Fa. Taken in this extensive sense, it yields to none, as to 
real importance; and as to interest, the experiments I shall 
show you are curious and highly amusing. 

Em. Shall we be able to repeat them ourselves? 

Fa. Yes, most of them, provided you are very careful in 
using the instruments, almost all of which are made of glass. 
I ought to tell you that many writers divide this subject into 
two distinct parts, viz. Hydrostatics and Hydraulics; the 
latter relating particularly to the motion of water through 
pipes, conduits, &c., the laws by which it is regulated, and 
the effects it produces: the word Hydraulic is derived from 
the Greek hydor (vEwp) ‘‘water,” and aulos (ahXog) “ a pi^.” 

Here, however, I shall pay no regard to this distinction, 
but describe, under the general title of Hydrostatics, the pro- 
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perties of all fluids, and principally those of water; explaining, 
as we go on, the motions of it, whether in pipes, pumps, or 
syphons, and the engines of different kinds, fountains, &c., in 
connexion with it. Do you know what a fluid is? 

Ch. I know certainly how to distinguish a fluid from a 
solid: water and wine are fluids; but why they are so called, 
1 cannot tell. 

Fa* A fluid is generally defined to be a body; the parts of 
which readily, without any sensible resistance, yield to any 
impression, and in yielding are easily moved amongst each 
other. 

Em. But this definition does not notice the wetting of other 
bodies brought into contact with a fluid. If I put my fingers 
into water or milk, a part of it adheres to them, and they are 
said to be wet. 

Fa. Every accurate definition must mark the qualities of 
all the individual things defined by it. There are many 
fluids which have not the property of wetting, the hand when 
plunged into them. The air we breathe is a fluid, the parts 
of which yield to the least pressure; but it does not adhere to 
the bodies surrounded by it, like water. 

Em. Air, however, is so different from water, that, in this 
respect, the two will scarcely admit of comparison. 

Ch. I have sometimes dipped my finger into a cup of quick- 
silver; but none of the fluid adhered to it. 

Fa. Of course: and hence you will find that Natural Phi- 
losophy distinguishes between fluids and liquids. Air, quick- 
silver, and melted metals, are fluids, but not liquids: while 
water, milk, beer, wine, oil, spirits, &c., are both fluids and 
liquids. 

Ch. Are we then to understand, that liquids are known by 
the property of adhering to different substances which are 
immersed in them? ’ 

Fa. This description will not always hold good; for, 
although mercury will not stick to your finger if plunged into 
a cup of it, yet it will adhere to many metals, such as tin, 
gold, &c.: and therefore you will remember that the dis- 
tinction between liquids and fluids is used more on account of 
common convenience than philosophical accuracy. 

Em, You said, I believe. Papa, that a fluid is a body 
whose parts yield to the smallest force impressed. 
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Fa^ That is the definition of a perfect fluid; and the less 
forc^ that is required to move the parts of a fluid, the more 
perfect is that fluid. 

CK But how do people reason respecting the particles of 
which fluids are composed? Have they ever seen them? 

Fa, I'liilosophers imagine they must be exceedingly small, 
because, with their best glasses, they have never been able to 
discern them. And they contend that these particles must 
be round and smooth, as they are so easily moved among and 
over one another. If they are round, there must be vacant 
spaces left between them. 

Em, How is that, Papa? 

Fa, Suppose a number of cannon balls were 
placed in a large tub, or any other vessel, so as to 
fill it up even with the edge: although the vessel 
would contain no more of these large balls, yet it 
would hold in the vacant spaces a great many smaller 
shot; and between these, others still smaller might Fig. i. 
be introduced; and when the vessel would contain 
no more small shot, a great quantity of sand might be shaken 
in, between the pores of which, water or other fluids would 
readily insinuate themselves. 

Take a phial with some rain water: mark very accurately 
the height at which the water stands in the bottle: and then 
introduce a small quantity of salt, which, when completely 
dissolved, you will find has not in the least increased the bulk 
of the water. When the salt is taken up, sugar may also be 
dissolved in the same water, without making any addition to 
its bulk. 

Em, Are we then to infer that the particles of salt are 
smaller than those of water, and lie between them, as the 
small shot lie between the cannon balls; and that the particles 
of sugar are finer than those of salt, and like the sand among 
the shot, will insinuate themselves into vacuities too small for 
the admission of the salt? 

Fa, I think the experiment fairly leads to that conclusion. 
Another fact respecting the particles of fiuids, deserving your 
notice, is, that they are exceedingly hard, and almost inca- 
pable of compression. 

Ch, What do you mean. Papa, by compression? 

Fa, I mean the act of squeezing anything in order that its 
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|iarts may be brought nearer together. Almost all substances 
with which we are acquainted may, by means of pressure, be 
reduced into a smaller space than they naturally occupy. But 
water, oil, spirit, quicksilver, &c., cannot, by any pressure ot 
which human art or power is capable, be reduced into a space 
sensibly less than they naturally possess. 

JBm, Has the trial ever been made? 

Fa, Yes; and by some of the ablest philosophers that ever 
lived: they have found that water will penetrate through the 
pores even of gold, rather than suffer compression into a 
smaller space. 

Ch, How was that tried? 

Fa, At Florence, a celebrated city in Italy, a globe made 
of gold was filled with water, and then closed «o accurately 
that none of it could escape. The globe was then put into a 
press, and a little flattened at the sides: the consequence of 
which was, that the water came through the fine pores of the 
golden globe, and stood upon its surface, like drops of dew. 

Ch. Would not the globe, then, contain as much, after its 
sides were bent in, as it did before? 

Fa, It would not: and as the water forced its way through 
the gold rather than suffer itself to be brought into a smaller 
space than it naturally occupied, it was concluded, at that 
time, that water was incompressible. Later experiments 
have, however, shown that those fiuids which were esteemed 
incompressible, are capable of compression in a very small 
degree, (to the extent, perhaps, of one part in twenty thou- 
sand.). 

Fm. Is it on this account you conclude that the particles 
are very hard? 

Fa. Undoubtedly: for if they were not so, you can easily 
conceive that, since there are vacuities between them, as we 
have shown, and as are represented in fig. 1, they must by 
very great pressure be brought closer together, and would 
e'vidently occupy a less space, which is contrary to fact. 

Ch. Then I suppose water may be said to be incompres- 
sible? 

Fa. Water, oil, spirits, &c., are said to be incompressible, 
not because they are absolutely so, but because their com- 
pressibility is so very small as to make no sensible difference 
in calculations relative to the several properties of those fluids. 
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Mr. Canton discovered the compressibility of water in the 
year 1761; and he says that, from repeated trials, he found 
that water will expand and rise in a tube by removing the 
weight of the atmosphere about one part in 21,740, and will 
be as much compressed under the weight of an additional at- 
mosphere.* 

These principles of compressibility and incompressibility 
have given rise to a division of fluids into two kinds — viz., 
elastic and non-elastic. The mechanical properties of elastic 
fluids, such as air and the different gases, constitute the science 
of Pneumatics^ which I hope by and bye fully to explain to 
you: on the other hand, the non-elastic fluids, such as water, 
spirit, &c., constitute our present subjects of HydrostcUics and 
Hydraulics, 

Ck, But you have just said. Papa, that they were compres- 
sible in some very small degree: how tlierefore can they be 
called non-elastic ? 

Fa, You must bear in mind that the terms elastic and non- 
elastic are employed not in the absolute sense, but in a rela- 
tive sense; for water, spirits, and all other fluids of that class 
are, to a certain extent, compressible and elastic; but they 
resist compression wnth so very great a force, that the con- 
clusions obtained bn the supposition of their being entirely 
incompressible are free from any sensible error, except when 
the pressure is extraordinarily great; whence has arisen the 
twofold division of fluids into elastic nnd non-elastic. 

You have had now a general statement of what is meant by 
fluids. Do you understand the explanation? 

Ck, Yes: but I have imagined that to constitute a 
OT philosophical ^uid, if I may so term it, which does not 
exist in nature, it is necessary that the parts be not held 
together by mutual attractions, nor obstructed in their motions 
by friction or attraction. 

Fa. Nevertheless, do you not admit it to be a fluid? 

Ck. That it is fluid in a certain degree, there can be no 
doubt; but if fluids consist of small particles, how is it known 
that those particles are spherical? 

Fa. On that subject there are many opinions; but I con- 
ceive it to be of little consequence, as the original cause of 


* See Phil. Trans. Vol. LII. 
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fluidity does not appear to consist in the figure of the particles, 
but in their want of cohesion. However, as this belongs more 
to Chemistry, we will, if you please, cease to consider it at 
present. Newton’s definition of a fluid, ‘‘ that it is a body, 
the smallest portion of which is put into motion by the 
slightest force,” is nothing more than an expression of the 
physical fact. Grains of sand are more easily moved than the 
parts of many viscous fluids ; yet sand is not a fluid. Fluidity is 
the intermediate condition between the solid and the aeriform, 
and depends principally on the quantity of space in which the 
atoms of the body are involved. A fluid is elementary matter 
intermixed with such a proportion of space as leaves a pressure 
internally a fraction less than externally. As with solids, 
external pressure is much the greater, and with gases, the 
internal is equal to the external pressure, so, in fluids, ex- 
ternal over internal pressure is of that slight degree which 
permits mobility of the elementary atoms, in consequence also 
of the medium between them preventing their remaining in 
immediate contact. 

QUESTIONS FOR EXAMINATION. 

From what is the word hydrottatic* of fluids should be spherical ? — Can 
derived?— As a branch of science, of anything be added to a fluid without in- 
what does it treat ? — Into what parts creasing its bulk ? — Give an instance 
is it divided ? — To what does the science in point : how do you account for this P 
of hydraulics relate ? — How is a fluid — Are fluids compressible ? — Who 
defined ? — How do you distinguish be- made the experiment with water, and 
tween fluids and liquids ? — Upon what what was the result ? — Have any later 
does the perfection of a fluid depend ? experiments proved that fluids are 
— Of what kind of particles are fluids capable of compression ? — What reason 
supposed to be formed ? — What are is advanced to prove that the particles 
the reasons assigned why the particles of water are hard ? 


CONVERSATION II. 

OP THE WEIGHT AND PRESSURE OF FLUIDS. 

Father, In our last conversation, my dear children, we 
considered the nature of the component parts of fluids. I 
must now tell you that these parts or particles act, with 
respect to their weight or pressure, independently of each 
other. 

Fm, Will you explain what you mean by this? 
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Fa, You recollect that, by the attraction of cohesion,* the 
parts of all solid substances are kept together, and press into 
one common mass. If I cut off a part of this wooden ruler, 
the rest will remain in precisely the same situation as before; 
but if I take some water out of the middle of a vessel, the re- 
mainder flows instantly into the place from whence that 
portion was taken, so as to bring the surface of the whole 
mass to a level. 

C7^. Have the particles of water no attractive influence 
upon each other? 

Fa. Yes, in a slight degree. The globules of dewf on 
cabbage plants prove that the particles of water have greater 
attraction towards each other than they have to the leaf on 
which they stand. Nevertheless, this attraction is very small; 
and you can easily conceive that, if the particles are round, 
they will touch each other in very few parts, and slide with 
the smallest pressure. If a few of the little globules were 
taken out of a vessel, such as that represented by fig. 1, it is 
evident that the surrounding ones would fall into their place 
if the fluids arc of equal density, for a light fluid will float on 
the surface of a heavier one, as oil, or spirit, on water; and 
air, likewise, will rise to the surface of any fluid, from being 
forced up by the greater gravity of the surrounding fluid. 
Upon the principle above alluded to, the surface of every fluid, 
when at rest, is horizontal or level. 

Ch. Is it upon the same principle that water-levels are 
constructed? 

Fa. It is. The most simple kind of water-level is a long 
wooden trough, which being filled to a certain height with 
water, its surface shows the level of the place on which it 
stands. 

Ch. I did not allude to this kind of level, but to those 
smaller instruments constructed of glass tubes. 

Fa These are, more properly speaking, air- p « 
levels. They are thus constructed: d is a glass ID 

tube fixed into l, a socket made generally of ^ 

brass. The glass is filled with water, or some 
other fluid, in which is enclosed a single bubble of air. 
When this bubble fixes itself at the mark a, made exactly in 

• See Mechanics. Conversation III. p. 13. 

* See Mechanics. Conversation IV. p. Id. 
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the middle of the tube, the place on which the instrument 
stands is perfectly level. When it is not level, the bubble 
will quit the central mark and rise to the higher end. 

Ch, What is a spirit-level, Papa? 

Fa. A spirit-level is similar to a water-level, but has the 
tube filled with spirit of wine by reason of its greater mobility, 
and freedom from congelation by freezing. 

Em. What is the use of these levels? 

Fa. They are fixed to a variety of philosophical instru- 
ments, such as quadrants and telescopes for surveying the 
heavens, and theodolites for taking the level of any part of 
the earth: their accuracy depends considerably on the regu- 
larity of the internal surfaces of the tube, which, if made of 
glass, are sometimes ground to give them a regular cylindrical 
or spindle form, with a slight spherical curvature; for greater 
exactness, the tube and bubble should be of considerable 
length; and the larger the bubble the more freely it moves, 
and in consequence is far more susceptible of the least incli- 
nation ; in fact, they can be made to indicate a deviation from 
the true horizontal line as small as that of a single second of 
angular measure. They are also useful in the more common 
occurrences of life. A single instance will show their value. 
Clocks will not keep true time unless they stand very up- 
right: now, by means of one of these levels, you may easily 
ascertain whether the bracket upon which the clock in the 
passage stands is level. 

Em. I remember, however, that when Mr. Timely brought 
home your clock, he tried if the bracket was even by means 
of one of Charles’s marbles. How could he know by that? 

Fa. The marble, being round, touched the board in a point 
only; consequently the line of direction* could not fall 
through that point; but the marble would roll if the bracket 
were not level: therefore, when the marble was placed in two 
or more different parts of the board, and did not move to one 
side or the other, he might safely conclude that it was level. 

Ch. Then the water-level and the rolling of the marble 
depend on the same principle. 

Fa. Yes; upon the supposition that the particles of water 
are round. The water, or spirit level, will, however, be more 
accurate, because we may imagine that the parts of which a 
* See Mechanics. Conversation IX. p. 35. 
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fluid is composed are perfectly round, and therefore, as may 
be geometrically proved, they will touch only in an infinitely 
mnail point: whereas marbles, made by human contrivance, 
touch in many such points. From these observations you 
must have remarked that solid bodies gravitate in masses, the 
pov ( rful cohesion of their particles making them operate alto- 
gether, whereas every particle of a fluid may be considered as 
a separate mass gravitating independently of its fellow; 
wherefore the resistance presented by a fluid is considerably 
less than that offered by a solid. 

We now come to another very curious principle in this 
branch of science, derived from the above properties — viz., that 
. fluids press equally in all directions. All bodies, both fluid 
and solid, press downwards, you are aware, by the force of 
gravitation ; but fluids of all kinds exert likewise not only 
a pressure upwards, but also a pressure sideways, which 
equals the pressure downwards; in consequence of this equable 
pressure, every particle in the fluid remains at rest. 

Em* Can you show us, Papa, any experiments in proof of 
this? 

Fa. Yes: a,5, e, is a bent glass tube. fc 

With a small glass funnel pour into the _ 

mouth at « a quantity of sand. You will 
find that, when the lower part is filled, 
whatever is poured in afterwards, will 
stand in the side of the tube a h, and not 3 

rise in the other side, he. 

Ch. The reason of this is, that by the attraction of gravita- 
tion all bodies have a tendency to the earth that is, in this 
case, to the lowest part of the tube: but if the sand ascended 
in the side h c, its motion would be directly the reverse of this 
principle. 

Fn. You mean to say that the pressure would be upwards, 
ov from the centre of the earth. 

Ch. It certainly would. 

Fa. Well, we will pour away the sand, and put water in its 
place. What do you say to this? 

Em. The water is level in both sides of the tube. 

Fa. This, therefore, proves that, with respect to fluids, 
there is a pressure upwards, at the point as w^ell as down* 
» See Mechanics. Conyersation V. p. 
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wards. So, if you pour water into a tea-pot, or coffee-pot, 
the water rises in the spout to the same level with that in the 
pot, because the particles continuing to descend upon those 
at the bottom of the pot, the latter yield to their pressure, and 
as they cannot descend lower, they make way in an upward 
direction up the spout. I will show you another experiment. 

AB is a large tube or jar, having a flat bottom: 
a ^ is a smaller tube open at both ends. While I fill 
the jar with water, I take care to hold the small tube 
80 close to the bottom of the jar as to prevent any 
water from getting into the tube. I then raise it a 
little, and you see it is instantly filled with water 
from the jar. 

Ch, It is: and the water in the jar and the tube take the 
same level. 

Fa, The latter, you saw, was filled by means of the pres- 
sure upwards, contrary to its natural gravity. 

Take out the tube. Now, the water having escaped, the 
tube is filled with air. Stop the upper end, o, with a cork, 
and plunge it into the jar, the water will only rise as high 
as h, 

Em, What is the reason of this, Papa? 

Fa, The air with which the tube was filled is a body, and, 
unless the water were first to force it out of the tube, it can- 
not take its place. While this ink-stand remains here, you 
are not able to put any other body in the same part of space. 

Ch, If air be a substance, and the tube is filled v/ith it, 
how can any water make its way into the tube? 

Fa, That is a very proper question. Air, though a sub- 
stance, and, as we have already observed, a fluid too, differs 
from water in this respect, that it is easily compressible; that 
is, the air, which by the natural pressure of the surrounding 
atmosphere, fills the tube, may, by the additional upward 
pressure of the water, be reduced into a smaller space, as a 
Another experiment will illustrate the difference between 
compressible and incompressible fluids. 

FiU the tube, which has stiU a cork in one end, with some 
coloured spirit of wine: over the other end place a piece of 
pasteboard, held close to the tube, to prevent any of the liquor 
from escaping; in this way introduce the tube into a vessel of 
water, keeping it perpendicular all the time. You may now 
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take away the pasteboard, and force the tube to any depth; 
but the sphit is not like the air; it cannot in this manner be 
reduced into a space smaller than it originally occupied. 

Em, Why did not the spirit of wine run out of the tube 
into, the water? 

Fa Because spirit is lighter than water; and it is a general 
principle that the lighter fluid always rises to the top. 

Take a thin piece of horn or pasteboard, and, while you 
hold it by the edges, let your brother put a pound weight 
upon it. What is the result? 

Em, It is almost bent, so that I can scarcely hold it. 

Fa. Introduce it now into a vessel of water, at the depth 
of twelve or fifteen inches, and bring it parallel with the 
surface. In this position it sustains many pounds weight of 
water. 

Ch, Nevertheless, it is not bent in the least. 

Fa, Because the upward pressure against the lower surface 
of the horn is exactly equi to the pressure downward; or, 
which is the same thing, it is equal to the weight of the 
water which it sustains on the upper surface. 

You may vary these experiments by yourselves till we meet 
again; when I hope to resume the subject. 


QUESTIONS FOR EXAMINATION. 


How do the particles of fluids act ? — 
Give an instance to illustrate this. — 
Do the particles of water attract each 
other ? — - Why do the globules of dew 
on plants run off without seeming to wet 
them ? — Explain the structure and 
uses of the level, see flg. 2, — To what 
purposes are levels applied ? — In what 
directions do fluids press ? — Can you. 


by fig. 3, show how it is that fluids press 
upwards and sideways as well as down- 
wards — Is air easily compressible 
Cart you exhibit this by an experiment? 
— Of two fluids of different densities, 
which will be uppermost?— -Can you 
show by means of pasteboard, or horn, 
that the upper pressure of fluids is equal 
to the pressure downwards ? 


CONVERSATION III. 

OP THE WEIGHT AND PRESSURE OF FLUIDS. 

Charles, When you were explaining the principle of the 
Wheel and Axle,* you were kind enough to show me how it 
was that the difliculty of drawing up a bucket full of water so 
much increased when it was nearly at the top of the well. Z 

• See Mechanics. Conversation XVIL p. 39. 

P 
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have just now found another thing in connexion with tha^ 
subject beyond my comprehension. When the bucket is filled 
with water, it sinks to the bottom of the well, or as far as the 
rope will suffer it; but, in drawing it up tlirough the water, 
it seems to have little or no weight till it comes to the surface 
of the water. How is this accounted for ? 

Fa. I do not wonder that you have noticed that circum- 
stance as singular. It was long believed by the ancients, tliat 
water did not gravitate, or had no weight, in water; or, as 
they used to express it more generally, that fluids “ do not 
gravitate in propria loco'^ 

Em. I do not understand the meaning of those words. 

Fa. I will explain their meaning without translating them, 
because a mere literal translation would give you a very in- 
adequate idea of what the words are intended to express. 

No one ever doubted that water and other fluids had weight 
when considered by themselves; but it was supposed that they 
had no weight when immersed in a fluid of the same kind. 
The fact which your brother has just mentioned, respecting 
the bucket, was that upon which this doctrine was advanced 
and maintained. 

Em, Does it not weigh anything, then, till it is drawn 
above the surface? 

Fa. You must, my dear girl, have patience, and you shall 
see how it is. Here is a glass bottle, a, 
with a stop- cock, b, cemented to it; by 
means of which the air may be exhausted 
from the bottle, and prevented from return- 
ing into it again. The whole is made suffi- 
ciently heavy to sink in the vessel of water. Fig. e. 

CD. 

The bottle must be weighed in air; that is, in the common 
method; and supposing it to weigh 12 ounces, let it be put 
into the situation represented by the figure, and then the 
weight of the bottle must be again taken, by putting weights 
into the scale z. I now open the stop-cock, while it is under 
water, and the water immediately rushes in and fills the 
bottle, which overpowers the weights in the scale: then I put 
other weights, say 8 ounces, into the scale, to restore the 
equilibrium between the bottle and scale. It is evident, 
therefore, that 8 ounces is the weight of the water in the 
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bottle while weighed under water. Now, fasten the cock, 
and weigh the bottle in the usual way in the air. 

67/. It weighs something more than 20 ounces. 

Fa, That is, 12 ounces for the bottle, and 8 ounces for the 
wa.«*r, besides a small allowance to be made for the drops of 
water that adhere to the outside of the bottle. Does not this 
ex})eriment prove that the water in the bottle "weighed just 
as much in the jar of water as it weighed in the air? 

Em. I think it does. 

Fa. Then we are justified in concluding that the water 
in the backet, which the bottle may represent, weighed as 
much, while under water in the well, as it did after it was 
raised above the surface. 

Ch. This fact seems decisive; but the difficulty still re- 
mains in my mind; for the weight of the bucket is not felt till 
it is rising above the surface of the water. 

Fa. It may be thus accounted for. Any substance of the 
same specific gravity with water may be plunged into it, and 
it will remain, wherever it is placed, either near the bottom, 
in the middle, or towards the top; consequently it may be 
moved in any direction by the application of a very small force. 

Em. What do you mean by the specific gravity of a body? 

Fa. The specific gravity of any body is its weight compared 
with that of any other body. Hence it is also called the com^ 
parative groyhy: to say that lead, or iron, or stone, is heavy, 
and that feathers, or wool, &c., is light, we only speak compa- 
ratively, and with respect to substances generally. Wood is 
light when compared to stone, but heavy when compared to 
cork, or wool; so earth is heavy when compared to wood, 
but light when compared to metal, as lead or iron; whence 
our ideas of weight are very undefined, and some standard is 
therefore necessary to which the weight of other substances 
may be referred: the standard fixed upon has been water. 
Thus, if a cubic inch of water be equal in weight to a 
cubic inch of any particular kind of wood, the specific or 
comparative gravities of the water and that wood are equal. 
But, since a cubic inch of deal is lighter than a cubic inch of 
water, and the latter is lighter than the same bulk of lead, or 
brass, we say the specific gravity of the lead, or brass, is 
greater than that of water, and the specific gravity of water 
is greater than that of deal. 



Again, we have already proved that the upward pressure 
of flmds is equal to the pressure downwards; therefore the 
pressure at the bottom of the bucket, upwards, being pre- 
cisely equal to the same force in a contrary direction, the 
application of a very small force, in addition to the upward 
pressure, will cause the bucket to ascend. 

Em, You account for the easy ascent of the bucket upon 
the same principle by which you have shown that horn or 
pasteboard will not be bent, when placed horizontally at any 
depth in water? 

Fa, Yes; and I will show you some other experiments, to 
prove the effect of the upward pressure. 

Take a glass tube, open at both ends, the diameter of which 
is about the eighth of an inch; fill it with water, and close the 
top with your thumb: you may now take it out of the water; 
but it will not empty itself whilst the top is kept closed. 

Ch, This is not the upward pressure of water; because the 
tube was taken out of it. 

Fa, You are right: it is the upward pressure of the air, 
wliich, while the thumb is kept on the top, is not counter- 
balanced by any downward pressure; therefore it keeps the 
water suspended in the tube. 

Take tMs ale-glass; fill it with water, and cover it with 
a piece of writing-paper; then place your hand evenly over 
the paper, so as to hold it very tight about the edge of the 
glass, which you may now invert, and take away your hand 
without any danger of the water falling out 

Em, Is the water sustained by the upward pressure of 
the air ? ' 

Fa, The upward pressure of the air against the paper 
sustains the weight of water, and prevents it from falling. 

You have seen the instrument used for tasting beer or 

wine? 
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Em. Tes; it is a tin tube, holding about half a pint; into 
wh^ h very small tubes are inserted at the top and bottom. 

The longest of these tubes is put into the hole made 
for the vent-peg, and then the beer or wine, by drawing out 
the air from it, is forced into the large part of the tube, and, 
by putting the thumb or finger on the upper part, the whole 
instrument may be taken out of the cask, and removed any- 
where; for the pressure of the air against the bottom surface 
of the lower tube keeps the liquor from running out; but, 
the moment the thumb is taken from the top, the liquor de- 
scends by the downward pressure of the air. 

Ch. Is it for a similar reason that vent-holes are made in 
casks? 

Fa. It is: for when a cask is full, and perfectly closed, 
there is no downward pressure, and therefore the air, pressing 
against the mouth of the cock, keeps the liquor from running 
out. A hole made at the top of the cask admits the external 
pressure of the air, by which the liquor is forced out. In- 
large casks of ale or porter, where the demand is not very 
great, the vent-hole need seldom be used; for a certain por- 
tion of the air contained in the liquor escapes, and, being 
lighter than the beer, ascends to the top, by which a pressure 
is created without the assistance of the external air. The 
whole pressure sustained by any definitive portion of the 
bottom or sides of a vessel depends only on the column of 
liquid standing on that portion as its base, together with the 
altitude; the pressure therefore on the bottom of a vessel 
depends on the magnitude of the bottom and depth of the 
liquid, and is not at all affected by the form of the sides and 
of the quantity of liquid in the vessel; but this will be treated 
of more in our conversation on the Hydrostatic Paradox. 

Ch. Do not these principles have some influence. Papa, on 
the construction of boats and ships? 

Fa. Yes: particularly in the matter of stowage: for a 
substance placed dii a fluid specifically heavier than itself will 
sink so far that the weight of the fluid displaced is equal to 
the whole weight of the body: it is upon this principle that 
the tonnage of barges on our canals is ascertained, and the 
toll calculated. 
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QUESTIONS FOE EXAMINATION. 

Why, in dra^ng up a bucket from a rection ? — Why will not the water in 
deep well, does it appear to have little a glass tube of a small bore, open at 
or no weight while it ascends through both ends, run out, provided the upper 
the water ?— -On this subject explain the part be kept closed ? — Explain the ex- 
experiment illustrated by fig. 6 — How periment of the ale-glass filled with 
is the fact accounted for? — What is water. — How do you account for the 
meant by the specific gravity of a body ? operation of the instrument for tasting 
— Is the pressure of the water upward wine or beer? — Why are vent-holes 
against the bottom of the bucket equal made in casks ? 
to tlie same force in the contrary di- 


CONVERSATION IV. 

OP THE LATERAL PRESSURE OF FLUIDS. 

Father, It is time now to advance another step in this 
science, and to show you that the later al^ or side pressure, is 
equal to the perpendicular or vertical pressure, 

Em, If the upward pressure is equal to the downward, and 
the side pressure is also equal to it, then the pressure is equal 
in all directions. 

• Fa, Undoubtedly. Though the side direction may be 
varied in many ways, yet there are only the upward, do'wn- 
ward, and lateral directions of pressure. The two former we 
have shown, are equal. That the side pressure is equal to 
the vertical pressure is demonstrable by a very easy experi- 
ment. 

A B is a vessel filled with water, having two equal 
orifices or holes, a, 6, bored with the same tool, one at 
the side, and the other in the bottom: if these holes are 
opened at the same instant, and the water suffered to 
run into two glasses, it will be found that, at the end 
of a given time, they will have discharged equal quan- 
tities of water; which is a clear proof that the water 
presses sideways as forcibly as it does downwards; and it is 
equally clear that without lateral pressure, water, or other 
fluids, would not flow from any opening in the side of a 
vessel; sand will not flow from such an opening, because it 
possesses no lateral pressure among its particles, or at least so 
little as to make no very palpable exhibition of it. 



Fig. 7. 
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Ch. Are we therefore to take it as a general principle, that 
fluids press in every possible direction? 

Fa, This, I think, our experiments have proved: but you 
mnst not forget that it is only true upon the supposition that 
the perpendicular heights are equal; for, in the last experi- 
ment, if tlfe hole b had been bored an inch or two higher in 
the side of the vessel, as at c, the quantity of water running 
out at a would have been greater than that at c; and much 
greater would it have been if the hole had been bored at four 
or five inches above the bottom of the vessel. 

This subject of pressure may be farther illustrated. At 
the bottom of this tube, n open at both ends, I have htF 
tied a piece of bladder, and have poured in water till it 
stands at the mark x. Owing to the pressure of the 
water, the bladder is convex; that is, bent outwards, 

Dip it into the jar (fig. 5) the bladder is still convex: 
thrust it gently down, the surface of the water in the j,. ^ 
tube is now even with that in the jar. 

Em, It is; and the bladder at the bottom is become flat. 

Fa, The perpendicular depths being equal, the pressure 
upward is equal to that downwards, and the water in the 
tube is exactly balanced by the water in the jar. Let the tube 
be tlirust deeper into the water. 

Ch, Now the bladder is bent upwards. 

Fa, The upward pressure is estimated by the perpendi- 
cular depth of the water in the jar, measured from the sur- 
face to the bottom of the tube; but the pressure downwards 
must be estimated by the perpendicular height of the water 
in the tube, which being less than the former, the pressure 
upwards in the same proportion overcomes that downwards, 
and forces up the bladder into the position as you see it. This 
and the following experiment demonstrate the upward pres- 
sure of fluids. 

Dip an open end of a tube, having a very narrow bore, into 
a vessel of quicksilver; then, stopping the upper orifice with 
the finger, lift up the tube out of the vessel, and you will see 
a column of quicksilver hanging at the lower end, which, 
when dipped in water lower than 14 times its own length, 
will, upon removing the finger, be pressed upwards into the 
tube. 

Em, Why do you fix upon 14 times the depth? 
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JFa. Because quicksilver is 14 times heavier than water. 
Upon this principle of the upward pressure, lead, or any 


other metal, may be made to swim in water. A b 
is a vessel of water, and a ^ is a glass tube open 
throughout; is a string by which a flat piece of 
lead, X, may be held fast to the bottom of the tube. 
To prevent the water from getting in between the 
lead and the glass, a piece of wet leather is first put 
over the lead. 



Fig. 9. 


In this situation, let the tube be immersed in the vessel of 
water, and if it be plunged to the depth of about eleven times 
the thickness of the lead before the string be let go, the lead 
will not fall from the tube, but be kept adhering to it by the 
upward pressure below it. 

JEm. Is lead 11 times heavier than water? 


Fa. It is between 11 and 12 times heavier; and therefore, 


to make the experiment sure, the tube should be plunged 
somewhat deeper than 1 1 times the thickness of the lead. 

Ch. Is it not owing to the wet leather, rather than to the 
upward pressure, that the lead adheres to the tube? 

Fa, If that be the case, it will remain fixed if drawn up 
the tube an inch or two higher. I will try it. 

Fm. It has fallen off. 


Fa. Because, when the tube was raised, the upward pres- 
sure was diminished so much as to become too small to 


balance the weight of the lead: but if the adhering together 
of the lead and tube had been caused by the leather, there 
would be no reason why it should not operate the same at six 
or nine times the depth qf the lead's thickness as well as at 
11 or 12 times that thickness. 


The lateral pressure, you must now perceive, arises from the 
downward pressure, or weight of the superincumbent liquid ; 
so that the lower the opening is made in the side of a vessel, 
the greater will be the velocity of the water rushing out, nor 
is it at all influenced by the horizontal dimensions of the 
vessel containing the liquid, but the depth only; for as every 
particle acts independently of the rest, it is only the column of 
particles immediately above the opening that weigh down and 
press out the liquid. What now have you understood as to 
the gravity of fluids in these Conversations ? 

Ch. I understand that they all gravitate upon a bottom of 
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a cylindrical vessel in which they are contained, in the same 
manner as solids gravitate; that is, in proportion to the quan- 
tity of matter. I have learned also that in every part of the 
flu there is a pressure, equal to gravitation, in all directions: 
wherefore, since every part of the fluid is acted upon in all 
manner of directions by an equal force, every part of a stag- 
nating fluid is at rest, and will so continue until disturbed by 
some external force. 

QUESTIONS FOR EXAMINATION. 

How is the lateral or side pressure of — How much heavier is quicksilver 
fluids estimated? — Is the pressure of than water? — How can lead or any 
fluids equal in all directions? — Ex- other metal be made to swim in water? 
plaintheexperiment exhibited by flg. 7. — How much heavier than water is 
— What is necessary in order that the lead ? — How is it proved that the lead 
pressure of fluids should be equal in all made to swim does not stick to the 
directions? — Look to fig. 8, and with tube, instead of being acted upon by 
thatlet the subject be further illustrated, the upward pressure of the water? 


CONVERSATION V. 

OF THE HYDROSTATIC PARADOX. 

Emma, You are, my dear father, to explain a paradox 
to-day. I thought natural philosophy had excluded all 
paradoxes. 

Fa, Dr. Johnson has given the definition of a paradox as 
^^an assertion contrary to appearances;” the term is derived 
from a Greek word compounded of 'para (wapa) “ contrary 
to,” and doxa (So^a) “ an opinion or expectation.” Now, the 
assertion to which I am to refer you is, “ tAat any quantity of 
water y however smally may he made to balance and support 
any other quantity^ however larged That a pound of water, for 
instance, may, without any mechanical assistance, be made to 
support ten pounds, or a hundred, or even a ton weight, seems 
at first incredible: certainly it is contrary to what one would 
expect; and on that account the experimentj^ to prove this fact, 
has usually been called the Hydrostatic paradox: and a little 
close examination will satisfy us of its truth. 

Ch, It does appear unaccountable. I hope the experiments 
may be very easy to understand. 

Fa, Many have been introduced for the purpose; but I 
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kw^cf 1I0Q6 better than those described by Mr. Ferguson, 
in Ui Lectures on select subjects. 

O B G H is a glass vessel, consisting of two tubes of ®R H “ n 
very different sizes, joined together, and freely com- * = » // 
municating with each other. Let water be poured 
in at H, which will pass tlirough the joining of tlie I L 
tubes, and rise in the wide one to the same height 
exactly as it stands in the smaller; which shows rig. lo. 
that the small column of water in d g balances the large one 
in the other tube. This will be the case if the quantity ot 
water in the small tube be a thousand or a million of times 


less than the quantity in the larger one. 

K the smaller tube be bent into any oblique position, bs 
OF, the water will stand at f; that is, on the same level as it 
stands at A. This would be the case if, instead of two tube^ 
there were any number of them connected together at b, ana 
varied in all kinds of oblique directions; the water would 
then be on a bvel in them all; that is, the perpendicular 
height of the water would be the same. ^ 

Ch. This elucidation does not seem quite satistactory; 
because it appears that a great part of the water in the large 
tube is supported by the parts b about the bottom, and tna 
therefore the water in the smaller tube only sustains the 
pressure of a column of water, of a diameter equal to its own. 

Fa. This would he the case if the pressure of fluids were 
downwards only; but we have shown that it acts ' 

rections; and therefore the pressure of the parts near tlm si e 
of the tube acts against the column in the middle, whic , yo 
suppose, is the only part of the water sustained by that con- 
tained in the small tube; consequently, the smaller quan i y 
of water in d b sustains the larger one in a b. 

Let us try another experiment. 

A B and a b are two vessels, having n “ ^ 

their bottoms d d and n d exactly equal; ^ « 'h n 

but the contents of one vessel is 20 times x^[j b M 

greater than that of the other; that is, 

fig. 11, when filled up to a, will hold 

but one pint of water, whereas fig. 12, ‘ 

when filled to the same height, will hold .20 pints. Brass 

bottoms, c c, are fitted exactly to each vessel, and made 

water tight by pieces of wet leather. Each bottom is joined 
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to its vessel by a hinge d, so that it opens downwards, liha 
the 'H of a box. By means of a little hook, rf, a pulley, p, 
and a weight, E, the bottom is kept close to the vessel, and 
will hold a certain quantity of water. 

Em. That is, till the weight of the Water overcomes the 
weight E. 

Fa. I should rather say, till the pressure of the water over- 
comes the weight b. 

Now hold the vessel (fig. 12) upright in your hands, while 
I gradually pour water into it through a funnel: the pressure 
bears down the bottom, and, of course, raises the weight, and 
a small quantity of the water escapes. Mark likewise the 
height H A, at which the surface of the water stood in the 
vessel when the bottom began to give way. 

Try the other vessel (fig. 11) in the same manner, and we 
shall see that when the water rises to a, that is, to just the 
same height in this vessel as in the fomer, the bottom will 
also give way, as it did in the other case. Thus equal weights 
are overcome in the one case by 20 pints of water, and in the 
other by a single pint. The same would hold good if the 
difference were greater or less in any given proportion. 

Em. What is the reason of this, Papa? 

Fa. It depends upon two principles, with which you are 
acquainted. The first is, tiiat fluids press equally in all 
directions: and the second is, that action and re-action are 
equal and contrary to each other.* The water, therefore, 
below the fixed part b gf will press as much upwards against 
the inner surface, by the action of the small column a as it 
would by a column of the same height^ and of any other dia- 
meter: and since action and re-action are equal and contrary, 
the action against the inner surface ^gf will cause an equal 
re-action of the water in the cavity ^foc against the bottom 
c c; consequently the pressure upon c, fig. 11, will be as 
great as it was upon the same part of fig. 12. 

Ch. Can you prove by experiment that there is this 
upward pressure against the inner surface b gff 

Fa. Very easily: Suppose at f there were a little cork, 
with a small string attached to it; I might place a tube over 
the cork and then draw it out: the consequence of which would 
be, that the water in the vessel would force itself into the 
* See Mechanics, Conversation XI. p. 41. 
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tube, and stand as high in it as it does in the vessel. Would 
not this experiment prove that there was this upward pressure 
against b^/.^ 

Ch, It would: and I can easily comprehend that, if other 
tubes were placed in the same manner, in different parts of 
"Rg/y the same effect would be produced. 

Fa, Then you must admit that the action against b gf^ or, 
which is the same thing, the re-action against c c (that is, the 
pressure of the water against the bottom) is equally as great 
as it would be if the vessel were as large in every part as it 
is at the bottom, and the water stood level to the height a a, 

Ch, Yes, I do: because if tubes were placed in every part 
of Bfy the same effect would be produced in them all, as in 
the single one at f ; but if the whole surface were covered 
with small tubes, there would then be little or no difference 
between the two vessels, (figs. 11 and 12.) 

Fa. There would ‘ be no difference, provided you kept 
filling the large tube, so that the water should stand in them 
all at the same level, a a: otherwise, the introduction of a 
single tube, a f would make a material difference: for, although 
the water in a c would overcome the weight e, yet, if with 
my hand I prevent any of the water from running out till I 
have taken out the cork, and suffered the water to force 
itself out of the vessel into the small tube, I may remove my 
hand with safety; for the water will not overcome the weight 
now, although there is certainly the same quantity in it as 
there was before the little tube a f was inserted. 

Em. I think I see the reason of this. The water stood as 
high as a a before the little tube was introduced; but now it 
stands at the level xx; and you told us yesterday that the 
pressures were equal only when the perpendicular heights 
were also equal. 

Fa. I am glad to find you so attentive to my instructions. 
In order that the pressure may overcome the weight e, you 
must put in more water till it rises to the level a a; and now 
you see the weight ascends, and the water flows out. 

I will put another tube at and the water rushing into 
that causes the level to descend again to xx; and more water 
must be put in to bring the level up to a a, before it can 
overcome the weight e. What I have shown in these two 
cases will hold true in all, provided you fill the cover with tubes. 
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Ch, I see, then, that it is the difference of the perpendicular 
heights which causes the difference of pressure, and I can now 
fully comprehend the reason why a pint of water may be 
made to balance or support a hogshead: or, in short, that any 
! quantity of a homogeneous fluids hotcever small^ may be made 
to balance and support any other quantity however larged 
Em. What is meant by the word homogeneous ? 

Fa. Homogeneous fluids are fluids the particles of which 
are of the same kind. What has been proved with regard to 
water may be shown to hold with regard to wine, or oil, or 
any other fluid. But the experiment will not answer if dif- 
ferent fluids are made use of, as water and oil together. The 
term homogeneous is derived from two Greek words homos 
{oyoc) “of the same,” and genos {yEvog) “kind.” The prin- 
ciple of the hydrostatic paradox is well illustrated by the 
Hydrostatic bellows^ which shall form the subject of our next 
conversation; but before we close, tell me, Emma, what is your 
understanding generally of the hydrostatic paradox? 

Em. That it depends on the equal pressure of parts of 
fluids everywhere at the same depth; and what seems to be a 
paradox is, that any quantity of fluid, however small, may be 
made to counterpoise and sustain any weight, however large. 

QUESTIONS FOR EXAMINATION. 

What do you mean by the hydro- subject? See fig. 11 and 12. — How is 
static paradox ? — Can you explain the upward pressure proved ? 

Mr. Ferguson’s experiment on this 


CONVERSATION VI. 

OF THE HYDROSTATIC BELLOWS. 

Father. I think it has been made sufficiently clear that the 
pressure of fluids of the same kind is always proportional to 
the area of the base, multiplied into the perpendicular height 
at which the fluid stands, without any regard to the form of 
the vessel, or the quantity of fluid contained in it. 

Em. It still appears, however, very mysterious to me, 
that the pint of water, as in fig. 11, should have an equal 
pressure with the 20 pints in the other vessel. You do not 
mean to say that the one pint weighs as much as the 
twenty? 
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Fa, Your objection is proper. The pressure of the water 
upon the bottom c c does not in the least alter the weight of 
the vessel and water, considered as one mass; for the action 
and re-action, which cause the pressure, destroy one another 
with respect to the weight of the vessel, which is as much 
sustained by the action upwards as it is pressed downwards 
by the re-action. 

The pressure of water and other fluids differs from the 
gravity or weight in this respect: the weight is according to 
the quantity ; but the pressure is according to the perpen- 
dicular height, 

Ch, Suppose both vessels were filled with any solid sub- 
stance, would the effect produced be very different? 

Fa, If the water were changed into ice, for instance, the 
pressure upon the bottom of the smaller vessel would be much 
less than that upon the larger. 

Here is another instrument well adapted to 
show to you that a very few ounces of water ^ 
will lift up and sustain a large weight. 

Em, What is the instrument called? ^ 

Fa, It is made like common bellows, of two 
flat boards united together by leather or flexible ^ 
cloth, made water-tight, but without valves; Fig. 13. 
and writers have given it the name of the 
Hydrostatic bellows. This small tin pipe, eo, communicates 
with the inside of the bellows. At present, the upper and 
lower board are kept close to one another by the weight w. 
The insides of the boards arc not very smooth, so that water 
may insinuate itself between them: pour this half pint of 
water into the tube. 

Ch, It has separated the boards, and lifted up the 
weight. 

Fa, Thus you see that seven or eight ounces of water have 
raised, and continue to sustain, a weight of 561b. By di- 
minishing the bore of the pipe, and increasing its length, the 
same or even a smaller quantity of water would raise a much 
larger weight. 

Ch, How do you find the weight that can be raised by this 
small quantity of water? 

Fa, Fill the bellows with water; the boards of which, when 
distended, are three inches asunder: then screw in the pipe., 
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As there is no pressure upon the bellows, the water stands in 
the pipe at z at the same level with that in the bellows. 

Now place weights on the upper board till the water ascends 
exactly to the top of the pipe e : these weights express the 
wt i. 4 ht of a pillar or column of water, the base of which is 
equal to the area of the lower board of the bellows, and the 
height equal to the distance of that board from the top of the 
pipe. 

Em. Will you make the experiment, Papa? 

Fa. Yes, if your brother will first make the calculation. 

Ch. That I shall be happy to do if I may look to you for 
a little assistance. 

Fa. You will require very little of my help. Measure the 
diameter of the bellows, and the perpendicular height of the 
pipe from the bottom board. 

Ch. The bellows, which are circular, are 12 inches in dia- 
meter; and the height of the pipe is 36 inches. 

Fa. Well; you have to find the solid contents of a cylinder 
of these dimensions; that is, the area of the base multiplied 
by the height. 

Ch, To find the area I multiply the square of 12 inches, 
that is 144 by the decimals *7854, and the product is 113, 
the number of square inches in the area of the bottom board 
of the bellows. And 113 multiplied by 36 inches, the length 
of the pipe, gives 4068, the number of cubic inches in such a 
cylinder: this divided by 1728 (which is the number of cubic 
inches in a cubic foot) leaves a quotient of 2*3 cubic feet, the 
solid contents of the cylinder. Still I have not the weight of 
the water. 

Fa. The weight of pure water is eqhal in all parts of the 
known world; and a cubic foot of It weighs 1000 ounces. 

Ch. Then such a cylinder of water as we have been con- 
versing about weighs 2300 ounces, or 144 pounds, nearly. 

Em. Let us now see if the experiment answers to Charles’s 
calculation. 

Fa. Well, we will. Put the weights on carefully, or you 
will dash the water out at the top of the pipe; and I dare say 
that you will find the fact agrees with the theory. 

Ch. If, instead of this pipe, another of double the length 
were used, would the water sustain a double weight? 

Fa It would: and a pipe three or four times the length 
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would sustain a weight three or four times greater. I will 
simply observe therefore how you may readily ascertain what 
weight can be thus supported — thus, every individual portion 
of the surface of the upper board, equal in area to the section 
of the tube, is pressed upwards by a force equal to the weight 
of watei* in the tube above the level of the upper board: so 
that if the area of the section of the tube is one square inch, 
and the surface of the upper board is 100 square inches, then 
a column of water weighing one pound, will support a weight 
on the board of 100 pounds. 

C/i. Is there, then, no limit to this kind of experiment, 
except that which may arise from the difficulty of acquiring 
length in the pipe? 

Pa, The bursting of the bellows would soon determine the 
limit of the experiment. Dr. G-oldsmith says that he once 
saw a strong hogshead of liquor split by this experiment. A 
small tube of great strength, made of tin, about 20 feet long, 
was cemented into the bung-hole, and then water was poured 
through it to fill the cask: when it was full, and the water had 
risen to within about a foot from the top of the tube, the 
vessel burst with prodigious force. 

JSm. It is very difficult to conceive how this pressure acts 
with such power. 

J^a, The water at o is pressed with a force proportional to 
the perpendicular altitude eo: this pressure is communicated 
horizontally in the direction opq, and the pressure so com- 
municated acts, as you know, equally in all directions; the 
pressure therefore downwards upon the bottom of the bellows 
is just the same as it would be ifp qnr were a cylinder of water. 

The experiment made on the bellows might, from the want 
of such an instrument, be made by means of a bladder, in a 
box with a moveable lid. 

Em, Has this property of hydrostatics been applied to any 
practical purposes? 

Fa, The knowledge of it is of vast im- 
portance in the concerns of life. On this prin- 
ciple a press of immense power has been formed, 
which we shall describe when you become ac- 
quainted with the nature and structure of valves. 

This press is used in almost all sea-port towns, 
for packing into small compass hay and other 
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domuiodities for exportation; and which, in their ordinary 
state, would take up too much space. It is also now in 
general use in pressing paper; its great power having entirely 
sup rseded hot-pressing; as well as in other manufactures. 

In addition to this, the principle is of extensive operation 
in engineering, and many of the phenomena of nature are ex- 
plained by it. If a very small portion of water were to lodge 
to a considerable height in gravel, or other loose earth, be- 
hind a wall or embankment, it would exert a lateral pressure 
sufficient to force the materials from their foundation: hence 
a sudden shower often causes considerable damage. So like- 
wise if the rain should fill a long narrow chink in a wall, or 
even in a mountain, though it may fluctuate in its size, and 
deviate from direct perpendicular height, it may cause ex- 
tensive devastation, and the mountain be rent with a force 
equal to the pressure of many thousand tons, though perhaps 
but one or two tons had been actually employed. 

QUESTIONS FOE EXAMINATION. 

How is the pressure of fluids of the | this small quantitr of water bear a still 
same kind estimated? — Explain the greater weight? — What will set limits 
difference between weight and pi*essure. to this experiment ? — In what manner 
— Can you explain the construction has a hogshead been burst, and how is 
and operation of the hydrostatic bel- the fact to be accounted for ? 
lows ? — Is there any means of making 


CONVERSATION VII. 

OF THE PRESSURE OF FLUIDS AGAINST THE SIDES OP 
VESSELS. 

Father, Do you recollect, Charles, the law by which you 
calculate the accelerated velocity of falling bodies 

Ch, Yes: the velocity increases in the same proportion as 
the odd numbers 1, 3, 5, 7, 9, &c.; that is, if, at the end of 
one second of time, a body be carried through 16 feet, then, 
in the next second, the body will descend three times 16 feet; 
in the third, it will descend five times 16 feet; and in the 
next, seven times 16 feet; and so on continually increasing 
in the same proportion. 

* See Mechanics. Conyersations Yll and YIII. 

Q 
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Fa. How man j feet altogether has a body fallen at the end 
of the ihh'd second? 

Em. I recollect, Papa, that the whole space through which 
it will fall in three seconds is nine times 16, or 144 feet; be- 
cause the rule is, that the whole spaces described by falling 
bodies are in proportion to the squares of the times; and the 
square of three is nine; therefore, if it fall through 16 feet in 
the first second, it will in three seconds fall through nine 
times 16, and in five or eight seconds it will descend in the 
former case through 25 times 16 feet, and in the latter through 
64 times 16 feet; for 25 is the square of five, and 64 is the 
square of eight. The example of the arrow, which you gave 
me to calculate, has fixed the rule in my memory. 

Fa. Well, then, what I am going to tell you will tend to 
impress the rule still stronger in your recollection. 

The pressure of fluids against the sides of any vessel in- 
creases in the same proportion, and is governed by the same 
laws. 

Suppose abed to be a rectangular vessel filled 
with water, or any other fluid, and one of the sides 
to be accurately divided into any number of equal 
parts by the lines 1, 7; 2, 8; 3, 9, &c. If the pres- 
sure of the water upon the part of the vessel a \ b*7 

be equal to an ounce or a pound, then the pressure ^ 

upon the part 1 2 7 8 will be equal to three ounces 
oi* three pounds; and the pressure upon the part 2 3 8 9 will 
be equal to five ounces or five pounds; and so on. 

Ch, Now I perceive the reason why the other part of the 
rule holds true: viz., that the pressure against the whole side 
must vary as the square of tlie depth of the vessel. 

Fa. Explain then how it operates. 

Ch, The pressure upon the first part being 1, and that 
upon the second 3, and that upon the third 5; then the 
pressure upon the first and second, taken together, is by 
addition 4: upon the first, second, and third, it must be 9; 
and upon the first, second, third, and fourth, it will be 16; 
but 4, 9, 16, are the squares of 2, 3, 4. 

Em. And the pressure upon the whole side abed must be 
36 times greater than that upon the small part « 1 5 7. 

Ch. And if there are three vessels, for instance, whose 
depths are as 1, 2, and 3, the pressure against the side of tlie 
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flecond will be four times greater than that against the first; 
and the pressure against the side of the third will be nine 
tin 3 greater than that against the first. 

Fa. The beautiful simplicity of this rule, and its being 
the same by which the accelerating velocity of falling bodies 
is governed make it impossible that you should ever 
forget it. 

The use that we shall have to make of this rule by and bye 
induces me to put this question: — 

In two canals, one 5 feet deep, and the other 15; what dif- 
ference of pressure will there be against the sides of these canals? 

Em. The pressure against the one will he as the square of 
5, or 25; that against the other will Be as the square of 15, 
or 225; for the latter number divided by the former gives 9 
as a quotient, which shows that the pressure against the sides 
of the deep canal is nine times greater than that against the 
sides of the shallo'wer one. Cannot this principle be proved 
by an experiment? 

Fa. Yes; by a very simple one: fig. 16 is a 
vessel €)f the same size as the last; the bottom and 
side b are of wood, mortised together; the front 
and opposite sides are glass, carefully inserted in 
the wooden parts, and made water tight. A thin 
board, <?, hanging by two hinges, xy^ is held close 
to the glass panes by the pulley and weight, w. 

The board is covered with cloth, and made water- 
tight. 

Now observe the exact weight which is overcome when he 
water is poured in and rises to the line 1 ; then hang on f ur 
times that weiglit, and you will see that water may be pou ed 
into the vessel till it rises to the Hne 2, when the side e will 
give way, and let part of it cnit. 

Em. But why does only a part run away? 

Fa. Because, when a sm^ quantity of the water has 
escaped, the weight, w, is greater than the pressure of the 
water against c ; therefore the door c will be drawn close to 
the glass panes and confine the rest within the vessel. 

You may now hang on a weight nine times greater than the 
first, and then the vessel will contain water till it rises up to 
the mark 3, when the side will give way by the pressure, and 
part of the water escape. 

2 



Fig. 16. 
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Ch. You have explained the manner of estimating the 
pressure of fluids against the sides of a vessel. By what rule 
are we to find the pressure upon the bottom? 

Fa, In such vessels as those which we have just described 
(that is, where the sides are perpendicular to the bottom, and 
the bottom parallel to the horizon) the pressure will he equal 
to the iceight of the fluid, 

Em, If, therefore, the vessel yz hold a gallon of water, 
which weighs about eight pounds, the bottom being made 
moveable, like the side, would a weight of eight pounds keep 
the water in the vessel? 

Fa, It would: for then there would be an equilibrium be- 
tween the pressure of the water and the weight. And the 
pressure upon any one side is equal to half the pressure upon 
the bottom; that is, provided the bottom and sides are equal 
to one another. 

Ch, Pray, Papa, explain how this is. 

Fa, The pressure upon the bottom is, as we have shown, 
equal to the weight of the fluid. But we have also shown 
that the pressure on the side grows less and less continually, 
till at the surface it is nothing. Since, then, the pressure 
upon the bottom is truly represented by the area of the base 
multiplied into the altitude of the vessel, the pressure upon 
the side will be represented by the base multiplied into half 
the altitude. 

Em, Is the pressure upon the four sides equal to twice the 
pressure upon the bottom? 

Fa, It is: consequently the pressure of any fluid upon the 
bottom and four sides of a cubical vessel is^ equal to tlmee 
times the weight of the fluid. 

Can you, Charles, tell me the difference between the weight 
midithQpressure of a conical vessel of water standing on its base? > 

Ch, The weight of a conical vessel of any fluid is found by 
multiplying the area of the base by one third part of its per- 
pendicular height: but the is found by multiplying 

the base by the whole perpendicular height; therefore the 
pressure upon the base will be equal to three times the weight. 

I think when I was learning mensuration, that the rule for 
finding the solidity of a cone, or a pyramid, is this: “ mul- 
tiply the area of the base by ^ of the height, and the product 
will be the solidity.” 
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Em. How do you ascertain the pressure, Papa, upon other 
surfaces besides those which are horizontal? 

Fa. Whether the sides or surfaces be perpendicular, hori- 
zontal, or oblique, the pressure of a body of water is always 
equal to the product of the surface multiplied by the depth of 
its centre of gravity. 

Ch. Will you be kind enough to explain this, Papa? 

Fa. Suppose you wish to find the pressure upon the 
sloping side of a pond: you must drop a plumb-line from the 
water to the middle of the sloping side, just half-way between 
the surface of the water and the bottom, and multiply the 
length of the plumb-line under water, by the area of the 
surface covered with water; so that if the line is 10 feet, 
there will be upon every 6 feet square of that side a pressure 
of about 10 tons: you may set it down as a general rule, that 
the pressure of fresh water is always about 13 pounds upon 
every square inch of level bottom at the depth of 30 feet, 
whatever may be the form or position of the sides; and so in 
proportion for greater or less depths: if the sides are perpen- 
dicular, and of whatever shape, provided the width of the 
pond or vessel is the same all the way down, the pressure on 
every square inch of the sides is nearly 13 pounds at the depth 
of 30 feet, and so in proportion for greater or less depths. 

QUESTIONS FOB EXAMINATION. 

What is the law of the pressure of being five feet, and that of the other 
fluids against the sides of any vessel ^ — fifteen ? — How is this proved by experi- 
Explain the subject by means of fig. 15. ment? — How is the pressure against 
— Can you tell me why the pressure the bottom of a vessel estimated? — 
against the whole side of a vessel must What is the pressure upon any side of 
vary as the square of the depth of the a cubical vessel, and what is the reason 
vessel ? — Suppose you have three ves- of it ? — What is the pressure upon the 
sols whose depths are as 1, 2, and 3 ; j four sides equal to ? — What is the dif- 
what will be the proportional pressures i ference between the weight and the 
against the several sides ? — What will ' pressure of it conical vessel of water 
be the dificrence of pressure against the standing on its base ? 
sides of two canals, the depth of one 


CONVERSATION VIII. 

OF THE MOTION OF FLUIDS. 

Father. We will now consider the pressure of fluids with 
regard to the motion of them through spouting-pipes, which 



HYDROSTATICS. 


MO 

is subject to the same kw. This forms a portion of Hj* 
draulics. 

If the pipes at 1 aud 4 (fig. 15) be equal in akeaud length, 
Ihe discharge of water hj the pipe at 4 will be double that 
at 1. Because the velocity with which water spouts out at a 
hole in the side or bottom of a vessel is as the square-root of 
the distance of the hole below the surface of the water: or in 
other words, the velocity and quantity are in proportion to 
the square-root of the depth. 

Em, What do you mean by the square-root? 

Fa, The square-root of any number is that which, being 
multiplied into itself, produces the said number. Thus the 
square-root of 1 is 1 ; but of 4 it is 2; of 9 it is 3; and of 16 
it is 4, and so on. 

Ch, Then if you had a tall vessel of water, w^ith a tap in- 
Bcrted within a foot of the top, and you wished to draw the 
liquid ofi* three times faster than it could be done with that, 
what would you do? 

Fa, 1 should take another tap of the same size, and insert 
it into the barrel at nine feet distance from the surface, and 
the thing required would be done. 

Em, Is this the reason why the water runs so slowly out of 
the cistern when it is nearly empty, in comparison with its 
force when the cistern is full? 

Fa, It is: because the more water there is in tne cistern, 
the greater the pressure upon the part where the tap is 
insert; and in proportion to that pressure, the velocity and 
quantity of water running out is increased. 

In some large barrels there are two holes for cocks or taps, 
one about the midcUe of the cask, the other at the bottom; 
now if when the vessel is full you draw the beer or wine 
from both cocks at once, you will find that the lower one gives 
out the liquor considerably faster. 

Ch, How do you estimate the proportion, Papa? 

Fa, Just as the square-root of 2 is to that of 1. While a 
quart was running from the upper cock, three pints, nearly, 
would run from the lower one. 

Em, Are we, then, to understand, that the pressure against 
the side of a vessel increases in proportion to the square of the 
depth; when the velocity of a spouting pipe^ which depends 
upon tlie pressure, increases oidy as square-root oi the depth? 
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Fa. That is the proper distmctioxi. 

Ch, Is not the velocity of water running out of a vessel 
empties itself oontinuallj decreasing? 

Fa, Certainly: because, in proportion to the quantity 
drawn off, the surfiwse descends, and consequently, the per- 
pendicular depths become less and less. 

The spaces described by the descending surface, in equal 
portions of time, are as ^e odd numbers 1, 3, 5, 7, 9, &c., 
taken backwards. 

Fm, If the height of a vessel filled with any fluid be di- 
T ided into 25 parts, and in a given space of time, as a minute, 
the surface descend through nine of those parts, will it in the 
next minute descend through seven of those parts, and the 
third minute five, in the fourth three, and in the fifth one? 

Fa, This is the law; and from it have been invented 
clepsydrae, or water clocks. 

Ch, Why are they so called; and how are they constructed, 
Papa? 

Fa. The tcnn clepsydra is derived from the Greek word 
clepsudra (K\e\l^^pa,) a word compounded of clepto (kXsittw) 

to conceal,” and hudor (v^uip) water.” Water clocks 
were first brought into Egypt under the reign of the 
Ptolemies, and commonly used in Rome during the winter 
season, sun-dials superseding them in the summer. Before 
the invention of clocks and watches, they were very general 
for the admeasurement of small portions of time; and the re- 
vival of their use has been proposed by the late Captain 
Kater, but adopting mercury instead of water. To construct 
a clepsydra, take a cylindrical vessel, and, having ascertained 
the time it will require to empty itself, divide the surface, by 
lines, into portions which are to one another as the odd 
numbers 1, 3, 5, 7, &c. 

Em. Suppose the vessel requires six hours to empty itself; 
how must it be divided? 

Fa. It must he first divided into 36 equal parts; then, be- 
ginning from the surface, take eleven of those parts for the 
first hour, nine for the second, seven for the third, five for the 
fourth, three for the fifth, and one for the sixth: and you will 
find that the surface of the water will descend regularly 
through each of these divisions in an hour. 

But reverting to the great force of water; I believe both of 
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you have seen the locks that are constructed on various rivers 
and canals. 

Ch. Yes: and I have wondered why the flood-gates were 
made of such an enormous thickness. 

Fa. But, after what you have heard respecting the pressure 
of fluids, you will see the necessity there is for the great 
strength employed. 

Ch. I do: for sometimes the height of the water is 20 or 
30 times greater on one side of the gates than it is on the 
other; therefore the pressure will he 400 or even 900 times 
greater against one side than it is against the other. 

Em, How are the gates opened when such a weight presses 
against them? 

Fa, No power could be well employed to move them when 
this weight of water is against them: therefore there are side 
sluices, which being drawn up, the water escapes through 
them, till it becomes level on both sides: then the gates are 
opened with the greatest ease; because, the pressure being 
equal on both sides, a small force applied will be sufficient to 
overcome the friction of the hinges or other comparatively 
trifling obstacles. 

Ch, Is it this great pressure that sometimes beats down the 
banks of rivers? 

Fa, Certainly; for if the banks of a river or canal do not 
increase in strength in the proportion of the square of the. depth, 
they cannot stand. Sometimes the water in a river will in- 
sinuate itself through the bank near the bottom; and if the 
weight of the bank be not equal to that of the water, it will 
assuredly be torn up, and perhaps with great violenee. 

I will make the matter clear by a 
figure. Suppose this figure be a 
section of a river, and c a crevice or 
drain made by time under the bank 
g. By what we have shown before, 
the upward pressure of the water in 
that drain is equal to the downward pressure of the water in 
the river: therefore, if that part of the bank be not as heavy 
as a column of water of the same height and width, it must 
be torn up by the force of the pressure. 



THE MOTION OP FLUIDS, 


238 


QUESTIONS FOR EXAMINATION 


Eicplain by flg. the motion of 
fluids through pipes. —By what law is 
the velocity of spouting fluids governed ? 
—How is this practically applicable ? — 
Wliy does water run slowly out of a 
cistern when almost empty? — In a 
barrel of porter standing on its head, 
having two cocks, one in the middle and 
the other near the bottom, which will 
give out the liquor the fastest, an^ in 
what proportion ? — Point out the dis- 
tinction which arises between the pres- 
sure against the side of a vessel, and 


the velocity of a spouting pipe. — Does 
the velocity of a running fluid con- 
tinually. decrease, and why ? — How are 
water-clocks constructed ? — How would 
you divide a vessel of this kind that 
would require six hours to empty itself? 

— Why are the flood-gates to locks 
made so thick ? — How are they opened 
when such a weight presses upon them ? 

— What effect has the pressure of 
water on the banks of a river ? — Can 
you explain this by the aid of fig. 17 ? 


CONVERSATION IX. 


OP THE MOTION OF FLUIDS — cotiHnned. 


..J 




Father, I will now show you an experiment by which you 
will observe the uniformity of nature’s operations in regard to 
spouting fluids. 

Ch, Do you refer to any other facts besides those wliich , 
relate to the quantity of water issuing from pipes? 

Fa, Yes. Let a b represent a tall 
vessel of water, which must be always 
kept full while the experiments are making. 

From the centre of this vessel I have -.ai i 

drawn a semicircle, the diameter of which 
is the height of the vessel a b. I have 
drawn three lines ; d 2, from the centre of 
the vessel, c 1, « 5, at equal distances from the centre; the 
one above and the other below it: all three are drawn perpen- 
dicular to the vessel. By taking out the plug from the centre, 
you will see the water spout to m. Take your compasses, and 
you will find tliat the distance n m is exactly double the length 
Qid2, I will now stop this plug, and open the next below. 

Ch, The water reaches to k, wliich is double the length of 
a 5. 


Fig. 18. 


Fa, Try in the same manner the pipe c. 

Ch, It falls at the same spot, x, as it did from the lower 
one. 
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Fa. Because, the lines c 1 and a 5 being equally distant 
from the centre, d, of the circle, are equal to each other. 

Mm, Then n k is the double of e i, as well as of a 5. 

Fa. It is. The general rule deduced from these experi- 
ments is, that the hori^ntal distance to which a fluid will 
spout from an horizontal pipe, in any part of the side of an 
upright vessel below the surface of the fluid, is equal to twice 
the length of a perpendicular to the side of the vessel drawn 
from the mouth of the pipe to a semicircle described upon the 
altitude of the vessel 

Can you, Charles, tell me in what part the pipe should be 
placed, in order that the fluid should spout the farthest pos- 
sible? 

Ch. In the centre: for the line d2 seems to be the greatest 
of all the lines that can be drawn from the vessel to the curved 
line. 

Fa. Yes; it is demonstrable by geometry that this is the 
case; and that lines at equal distances from the centre, above 
and below, are also equal to each other. 

Mm. Then in all cases, if pipes are placed equally distant 
from the centre, they will spout to the same point. 

Fa. They will. Instead of horizontal pipes, I will fix 
three others near n, which shall point obliquely upwards at 
different angles; one at 22° S(y, the second at 45°, and the 
third at 67° 30'; and you will see that, when I open the cocks, 
the water will cut the curve line in those places to which the 
horizontal lines were drawn. 

Ch. That wliich spouts from the centre is thrown to the 
point M, as it was from the centre horizontal pipe. The two 
others fall on the point k, on which the upper and lower hori- 
zontal pipes ejected the stream. 

Mm. I thought the water from the upper cock did not reach 
so high as the mark. 

Fa. It did not. The reason is, that it had to pass through 
a larger body of air; and the resistance from that retarded the 
water, and prevented it from ascending to the point to which 
it would have ascended if the air had been away. 

While we are on this subject, I will just mention, that as 
you see the water spouts the ftirtbest when the pipe is elevated 
to an angle of 45°, so a gun, cannon, &c. will project a bullet 
the furthest if it be also elevated to the same angle. 
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Ch. Will a cannon or mortar cany a ball the jaame dis- 
tance if it be elevated at angles equally distant from 45% 
tb<j one above, and the other below? 

Fa. It will, in theory: but, owing to the great resistance 
which very swift motions have to encounter from the air, there 
must be allowances made for a considerable variation between 
theory and practice. 

A regard to this will explain the reason why water will not 
rise so high in a jet as it does in a tube. 

Em. 1 do not know what this means. 

Fa. You have seen a fountain? 

Em* Yes; 1 have often been amused with tlxat near the 
Temple-gardens. 

Fa. Fountains are usually called jetSy from the French 
term, jets cTeau, from jeter, to cast or throw up.” Now if 
the water of that in the Temple ascended through a pipe, it 
would rise higher than in the open aii\ Turn to fig. 10; the 
water in the small tube rises to a level with that in the larger 
one; but if the tube hg were broken off at i, the water would 
spout up like a fountain, but not so high as it stands in the 
tube, perhaps no higher than to d. 

Ch. Is that owing entirely to the resistance of the air? 

Fa. It is to be ascribed to the resistance wliich the water 
meets with from the air, from the friction also against the sides 
of the spout, and to the force of gravity, which has a tendency 
to retard tlie motion of the stream. 

^ Em. Why does the fountain in the Temple sometimes rise 
higher and sometimes lower? 

Fa. Near the Temple-gardens tliere is a reservoir of water, 
from which a pipe communicates with the jet in the fountain; 
and according to the quantity of water in the reservoir, the 
ascent is higher or lower. 

Ch. By turning a cock near the pump the height is instantly 
lowered. 

Fa. That cock is likewise connected with the reservoir; 
and therefore, taking water from it must have the effect of 
lowering the stream at the fountain, as well as the water in 
the reservoir. 

Em. It, however, soon recovers its force. 

Fa. Yes; because there is a constant supply of wat^ to 
the reservoir, which, not coming in so quickly as the cock 



236 


HYDROSTATICS. 


lets it out, the fountain cannot always play to the same height 
The velocity with which water issues from an orifice is equal 
to that which would he acquired by a heavy body in falling 
through a height equal to the difference between the levels of 
the orifice and the fountain head, the principal causes which 
prevent the jet from reaching the height which theory assigns 
to it are — 1st, the resistance of the air proportional nearly to 
the square of the velocity; 2nd, the friction against the sides 
of the pipe, and the orifice through which the water issues; 
3rd, the decreasing velocity of the particles in the ascent, and 
the pressure of the lower particles on those immediately above, 
and the consequent shortening and enlarging of the column 
of water; 4th, the water, after all its velocity is spent, resting 
on the particles below it, and by their pressure retarding the 
velocity of the whole column: to avoid which, however, 
slightly inclining the jet from the perpendicular has been 
found by experience to be the best remedy: the jet also by 
this means plays considerably higher, though the efiect is not 
so pleasing. It must be borne in mind that the diameter of 
the orifice, or, as it is sometimes called, from the French, the 
adjutage^ of the jet should be much less than that of the 


pipe. 

From what you have already learnt on this subject, you 
will be able to know how London and other places are sup- 
plied with water. 


Ch, London is partly supplied from theNew-river; partly 
from the Thames at Chelsea, and other places. ^ 

Fa. The New-river is a stream of water that comes from 


Ware in Hertfordshire: it runs into a reservoir situated on 


the high ground near Islington. From this reservoir pipes 
are laid into those parts of the city that have their water from 
the New-river; and through these pipes the water flows into 
the cisterns belonging to the difierent houses. 

Em. The reservoir of Islington must, of course, be higher 
than the cisterns in London. 


Fa. Certainly; because water will not rise above its level. 
On this account some of the higher parts of town have been 
supplied from Hampstead; and others are supplied from the 
Thames, by means of the water-works at Chelsea and else- 
where. 


Ch Are pipes laid all the way from Chelsea to town? 
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Fa, Yes; but these supply the intermediate places, as well 
as London; and Hampstead standing so high, the water is 
ca tied up into the first and second stories in certain houses. 
Tlius you see that water may be carried to any distance, and 
houses on different sides of a deep valley may be supplied by 
water from the same spring head. You must remember that, if 
the valleys are very deep, the pipes must be exceedingly strong 
near the bottom, because the pressure increases in the rapid 
proportion of the odd numbers 1, 3, 5, 7, &c,; and, therefore, 
unless the strength of the wood or iron be increased in the 
same proportion, the pipes will be continually bursting. 

F^, You told me, the other day, that the large mound of 
earth (for it appears to be nothing else) near the end ol I'oc- 
tenham-court-road, was intended as a reservoir for the New- 
river. 

Fa, I did; that unsightly mound contains an exceedingly 
large basin, capable of containing a great many thousand 
hogsheads of water. 

CA. How can they get the water into it? 

Fa, At Islington, near the New-river Head, is made a large 
reservoir upon some very high ground; into which, by means 
of a steam-engine, they can constantly throw water from the 
New-river. This reservoir being higher than that in Tot- 
tenham-court-road, supplies the latter with water through 
pipes, and keeps it constantly full. 

By this contrivance the New-river company have been 
able to extend their business to other parts of London. 

Ch, The weight of water in this place must be immensely 
great. 

Fa, Yes; and therefore the necessity of the great thick- 
ness of earth which you observe against the wall, towai*ds the 
bottom of the mound. The thickness lessens towards the top, 
as there the pressure of water is not so great. 

J5Vw. Would not the consequences be very serious if the 
water were to break through the earth at the bottom? 

Fa, If such an accident were to happen when the reservoir 
was full of water, it would probably tear up the works and do 
incredible mischief. To prevent this, the vast bank of earth 
is sloped within, as well as without, aiid covered with a strong 
coating of clay; and thick brick-work carefully tarrassed 
over, keeps the whole mass as firm and compact as the neces- 
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sity of the case requires. Natural reservoirs of water are 
seldom found near the summit of a hill, for there are not rilb 
and small streams sufficient to keep it supplied, and without a 
reservoir there cannot of course be any spring. In such 
eases, therefore, it is usual to construct wells, which are then 
generally very deep, before a spring can be met with, and then 
the water rises only as high as the reservoir from whence 
it flows. Where reservoirs of water are found in elevated 
situations, the springs that supply them must run from some 
higher hills in the neighbourhood. 


QUESTIONS FOR 

Can you explain the experiment ex- j 
bibited by fig. 18 ? — What general 1 
nUe is deducible from this experiment? 
— In what part of the side of a vessel 
should a pipe be placed, in order that 
the fluid should spout the furthest pos- 
sible ? — Can you place two other pipes 
which shall spout to equal distances ? — 
To what angle must a cannon be ele- 
vated to project a ball the furthest 
possible ? — Why will not water rise so 
Wgh in a jet as a tube ? — Will water 
in a pipe, or in the open air, as in a 


EXAMINATION. 

fountain, rise the highest? — Is there 
any other cause besides the resistance 
of the air that prevents a stream from 
a fountain rising as high as the head of 
the water from which it proceeds ? — 
How is London supplied with water 
from the New-river ? — How must the 
reservoir which is called the New-river 
Head be situated ? — Can water be 
carried to any distance? — For what 
reason is it necessary that the pipes 
should be made very strong if they are 
carried down in deep vallies ? 


CONVERSATION X. 

OP THE SPECIFIC GRAVITIES OP BODIES. 

Emma, What is the reason. Papa, that some bodies, such 
as lead or iron, if thrown into the water, sink, while others 
will swim? 

Fa, Because some bodies are heavier and some lighter than 
water. 

Em, I do not quite comprehend that. A pound of wood, 
another of water, and another of lead, are all equally heavy, 
as I was told the other day, when Charles played me a trick. 
You recollect that he suddenly asked me which was the 
heavier of the two, a pound of lead or a pound of feathers. 
I said the lead, and you all laughed at me: by which I was 
convinced that a pound, or 16 ounces of any substance what- 
ever, must be always equal to the same weight of any other. 

Fa, You are not the first person deedv^ by this questiefi: 
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It is a common trick. Although a pound of lead and another 
of water be equally heavy, yet they are not of equal magni- 
tude s. Do you know how much water weighs a pound? 

C4. Yes; about a pint. 

Fa. Do you think tliat, if I were to fill the same pint mea- 
sure with lead, it would tlien weigh no more than a pound? 

(74. Certainly not, Papa. That would weigh a great deal 
more. I do not believe that the 14 pound weight we have 
is much larger than a pint measure. 

Fa. Yes, it is, by about a fourth part. The same measure 
that contains one pound of water, would however contain about 
11 pounds of lead; but it would contain 14 pounds of quick- 
silver, which, you know, I could pour into the vessel as 
readily as if it were water. 

Here are two cups of equal size. Fill one with water, and 
I will fill the other with quicksilver. Now take the cups in 
your hand, and tell me which is heaviest. 

Ch. The quicksilver is considerably heavier. 

Fa. The cups, however, are of equal size. 

Em. Then there must be equal quantities of water and 
quicksilver. 

Fa. They are equal in bulk. 

Ch. But very unequal in weight. Shall I try how much 
heavier the one is than the other? 

Fa. If you like. In what manner will you ascertain the 
fact? 

Ch. I will carefully weigh the two cups, and then, divid- 
ing the larger weight by the smaller, I shall see how many 
times heavier the quicksilver is than the water. 

Fa. You will not succeed accurately by that means; be- 
cause the weight of the cups is probably equal; but by this 
method they ought to differ in weight in the same proportioa 
as the two substances. 

Em, Then pour the quicksilver first into the scale, and 
weigh it: afterwards, do the same with the water, and divide 
the former by the latter. Will not that give the result? 

Fa, Yes. You may also make the experiment thus: 

Here is a small phial, that weighs, now it is empty, an 
ounce; when* filled with pure rain water, the weight of the 
whole will be two ounces. Weigh it, and convince yourself* 

CA. I find that it does: the water weighing one ounce. 
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Fa, Now pour out the water, and let the phial be well 
dried both within and without. Then fill it very accurately 
with quicksilver, and weigh it again. 

Em, It weighs a little more than 15 ounces: but, as the 
bottle weighs one ounce, the quicksilver weighs something 
more than 14 ounces. 

Fa, What do you infer from this, Charles ^ 

Ch, That the quicksilver is more than 14 times heavier 
than water. 

Fa, I will now pour away the quicksilver, and fill the 
phial with pure spirit of wine, or, as the chemists call it, 
alcohol^ an Arabic term signifying the spirit, by which is 
implied, spirit as highly rectified as possible. 

Em, It does not weigh two ounces : now, consequently, the 
fluid does not weigh an ounce. The alcohol, therefore, is 
lighter than water. 

Fa, By these means, which you cannot fail of understand- 
ing, we have obtained the comparative weights of three fluids. 
Philosophers, as I have before told you, call these compara- 
tive weights, the specific gravities of the fluids: they have 
agreed also to make pure rain, or distilled water, at a given 
temperature, the standard to which they refer the compara- 
tive weights of all other bodies, whether solid or fluid. 

Ch, Is there any particular reason why they prefer water 
to every other substance? 

Fa, I told you, a few days ago, that water, if very pure, 
is of the same weight in all parts of the world: and, what is 
very remarkable, a cubic foot of water weighs exactly a 
thousand ounces avoirdupois. On these accounts it is admi- 
rably adapted for a standard; because you can at once tell the 
weight of a cubic foot of any other substance if you know its 
specific gravity. 

Em, A cubic foot of quicksilver weighs therefore 14,000 
ounces. 

Fa, Yes; and lead is eleven times heavier than water, so 
that a cubic foot of it will weigh 11,000 ounces. In Eng- 
land the temperature is usually taken at 62° of Fahrenheit’s 
scale; the French take it at 32°, or that of melting ice; and 
sometimes at the temperature at which its density is the 
greatest, viz. about 39*4° of Fahrenheit. This latter is 
esteemed the most convenient, in being more easily main- 
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tained without variations; for the temperature of 62® is con- 
tinually exposed to the fluctuations of the temperature of the 
air. It is only when great precision is required that much 
attention is paid to the particular temperature of the water; 
and then some correcting influence can be applied dcpendeni 
on the known density of the water at the different degrees of 
the thermometric scale. 

QUESTIONS FOR EXAMINATION. 

Why do some bodies swim and others | heavier than water? — Compare now 
sink ? — Do equal weights of different I the weight of alcohol with that of water, 
substances occupy equal spaces ? — How - What are the comparative weights 
would you get at the weights accurately of bodies called ? — Is rain-water equally 
of two equal quantities of fluid ? — How heavy everywhere, and how much does 
do you find that quicksilver is 14 times it weigh? 


CONVERSATION XL 

OF THE SPECIFIC GRAVITIES OP BODIES. 

Father. Before we enter upon the methods of obtaining the 
specifle gravities of different bodies, it will be right to pre- 
mise a few particulars, which should be well understood. 

You understand that the spcciflc gravity of different bodies 
depends upon the different quantities of matter which equal 
bulks of these bodies contain. 

Cli. As the momentum’^ of different bodies is estimated by 
the quantity of matter when the velocity is the same; so the 
specific gravity of bodies is estimated by the quantities of 
matter when the bulks or magnitudes are the same. This, I 
believe, is what you mean. 

Fa. Yes: if you weigh a piece of wood, and a piece of lead, 
both exactly equal in size to a copper penny -piece, the former 
will be found lighter, and the latter considerably heavier, 
than the copper. 

Ch. And, therefore, . I should say that the specific gravity 
of the wood is less than that of the copper; and that of the 
lead greater. 

Em. Is it the density therefore that constitutes the specific 
gravity? 

Fa. Undoubtedly it is: and, as we observed yesterday, 

• See Mechanics, Conversation VI. 

K 
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water is employed as a medium to discover the different spe* 
cific gravities of different bodies; and is also a standard to 
which they may be all referred. 

Here are three pieces of different kinds of wood, which I 
will put into this vessel of water: one sinks to the bottom; a 
second remains in any position in the water where it is placed; 
and the third swims on the water, with more than half of the 
substance above its surface. 

C%. The first, then, is heavier than the water; the second 
is of the same weight with an equal bulk of the fluid; and the 
third is lighter. 

Fa. Since fluids press in all directions, a solid immersed in 
water sustains a pressure on all sides, which is increased in 
proportion to the height of the fluid above the solid. 

Em. That seems natural; but an experiment would fix it 
better in the mind. 

Fa. Well then; tie a leathern bag (fig. 8) to the end of a 
glass tube, and pour in some quicksilver. Dip the bag in 
water, and the upw^ard j)ressure of the fluid will raise the 
quicksilver in the tube; the ascent of which will be higher or 
lower, in proportion to the height of the water above the 
bag. 

Em. I now understand that the upper part of the tube 
being empty, or, at least, only filled with air, the upward pres- 
sure of the water against the bag must be greater than the 
downward pressure of the air; and that, as the pressure in- 
creases according to the depth, so the mercury must keep 
rising in the tube. 

What is the reason that a body heavier than water, such as 
a stone, sinks to the bottom, if the pressure upward is always 
equal to that downward? 

Fa. This is a very proper question. The stone endeavours 
to descend by the force of gravity: but it cannot descend 
without moving away as much of the water as is equal to the 
bulk of the stone; therefore it is resisted, or pressed upwards, 
by a force equal to the weight of as much water as is equal in 
magnitude to the bulk of the stone: but the weight of the 
water is less than that of the stone; consequently the forccj 
pressing against it upwards, is less than its tendency down- 
wards: and therefore it w^ill sink with the differeme of these 
two forces. 
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You will now, I should think, be at no loss to understand 
the reason why bodies lighter than water swim. 

Ch. The water being heavier, the force upwards is greater 
than the natural gravity of the body; and it will be buoyed 
up by the difference of the forces. 

Fa, Bodies of this kind, then, will sink in water, till so 
much of them is below the surface, that a bulk of water equal 
to the bulk of the part of the body which is below the surface 
is of a weight equal to the weight of the whole body. 

E^. Will you explain this more particularly? 

. Fa, Suppose the body to be a piece of wood, part of which 
will be above and part below the surface of the water: in 
this state conceive the wood to be frozen in the water. 

Ch, I suppose that if the wood be taken out of the ice, a 
vacuity will be left, and the quantity of water that is required 
to fill that vacuity will weigh as much as the whole substance 
of tlie wood. 

Fa, Exactly so. 

There is one case remaining. Where equal bulks of water 
and wood are of the same weight, the force with which the 
wood endeavours to descend, and the force that opposes it, 
being equal to one another, and acting in contrary directions, 
the body will rest between them, so as neither to sink by its 
own weight, nor to ascend by the upper pressure of the water. 

Em, What is the meaning of this glass jar with little 
figures in it? 

Fa. I placed it on the table, in order to illustrate 
our subject to-day. You observe that, by pressing 
the bladder with my hand, the three figures sink. 

Em, But not at the same moment. 

Fa. The figures are made of glass, and have the 
same specific gravity as the water surrounding them, 
or perhaps, rather less; and, consequently, they all 
float near the surface. They are hollow, with little 
holes in the feet. When the air which lies between 
the bladder and the surface of the water is pressed by my 
hand, there is a pressure on the water, which is communicated 
through it; and that part of it which lies contiguous to the 
feet of the images will be forced into their bodies ; by which 
their weight is so much increased as to render them heavier 
than the water, and therefore they descend. 

E 2 
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Ch, Why do they not all descend to the same depth? 

Fa. Because the hollow part of the figure E is larger than 
the hollow part of d; and that is larger than that of c: conse- 
quently, the same pressure will force more water into e than 
into D, and more into d than into c. 

Em. Why do they begin to ascend now you have taken 
your hand away? 

Fa. I told you that the hollow parts of the figures were 
empty, which was not quite correct; they were full of air, 
which, as it could not escape, was compressed into a smaller 
space when the water was forced in by the pressure upon the 
bladder: but, as soon as the pressure is removed, the air in the 
figures expands, drives out the water, and they become as 
light as at first, and will therefore rise to the surface. 

Ch: The figures, I observed, in rising up to the surface, 
turned round: how is this. Papa? 

Fa. This circular motion is in consequence of the hole 
being on one side; and when the pressure is taken off, the 
water, issuing out quickly, is resisted by the water in the 
vessel, and the reaction, being exerted on one foot, turns the 
figure round. 

Ch. How is the specific gravity of different substances 
most readily to be ascertained, Papa? 

Fa. The specific gravity of a solid substance as compared 
with that of a liquid is to be ascertained by weighing an equal 
bulk of each. But this operation being extremely difiicult, 
since it requires the substances to be compared to be formed 
accurately into the same shape and size; and as many indeed 
cannot be changed as to their shape without destroying 
their value, and so cannot be compared at all, as diamonds, 
precious stones, crystals, certain metallic ores, and many 
animal and vegetable substances, the Hydrostatic balance has 
been invented upon the principles above explained, which 
presents the most easy and accurate method of comparing all 
substances whether solid or fiuid; but this shall form the 
'subject of our next conversation, when I hope satisfactorily 
to explain it to you. 

QUESTIONS FOB EXAMINATION. 

Upon what do the specific gravities copper, and wood. — What then con- 
of different bodies depend? — Make the stitutes the difference in the specific 
comparison between equal bulks of lead, gravities of bodies ? •— What is usually 
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made a medium to compare. the specific 
gray? t y of bodies ? — Make the compa- 
rison iu water with three pieces of wood. 

-What kind of pressure does a solid 
sustain when immersed in a fluid? — 
Make the experiment as it is shown by 
fig. 8, explain its principle and the re- 
sult. — ^Why does a stone sink in water 
if the pressure upward is equal to the 


downward pressure? — How far will 
bodies that are lighter than water sink 
in that fluid ? — Explain this more par- 
ticularly. — If a piece of wood, the spe- 
cific gravity of which is just equal to 
that of water, be placed in a vessel of 
that fluid, what will be the oonsequence? 
— ^Explain what is meant by fig. 19 . 


CONVERSATION XIL 


OF THE METHODS OF FINDING THE SPECIFIC GRAVITY OP 
BODIES. 

Emma, Pray, Papa, of what use are these scales? 


Fa, They are called the hydrostatic ba- 
lance; which diifers but little from the 
balance in common use. Some instruments 
of this kind are more complicated; but the 
most simple are best adapted to my purpose. 
You observe that to the beam two scale-pans 
are adjusted, which may be taken oif at plea- 
sure. There is also another pan, a, of equal 
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Fig. 20. 

weight with one of the others, furnished with shorter strings 
and a small hook, so that any body may be hung on it, and 
then immersed in the vessel of water b. 

Ch, Is it by means of this instrument that you find the 
specific gravity of different bodies ? 

Fa, It is. I will first give you the rule, and then illustrate 
it by experiment. The rule should be committed to me- 
mory. 

“ Weigh the body first in air; that is, in the common way; 
then weigh it in water. Observe how much weight it loses 
by being weighed in water; and, if you divide the former 
weight by the loss sustained, the result is, its specific gravity 
compared with that of the water.” 

I will give you an example. Here is a guinea: it weighs 
in the air 129 grains: I suspend it by a fine thread of horse- 
hair to the hook at the bottom of the pan a; and you see that, 
by being immersed in water, it weighs only 12 If grains. ^ 

Em, Then, in the water it has lost of its weight grainsb 
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Fa. Well: now divide 129 by 7^, or rather, turn the ^ 
into decimals, and divide by 7*25. 

CL But I must first add two cyphers to the 129 grains; 
because there must always be as many decimals in the divi- 
dend as there are in the divisor. And 129*00 divided by 
7*25 gives for the quotient more than 17. 

Fa. The gold is therefore more than 17 times heavier than 
water. 

Em. I do not understand the reason of this. 

Fa. Do you not? Well, we will attempt another elucida- 
tion. In this scale is a basin, filled accurately to the brim with 
water. I now put a piece of mahogany into it very gently; 
although anything else would answer the same purpose. 

Em. The water runs over into the scale, I perceive. 

Fa. Yes, as I expected; now wait a moment, and you will 
find everything at rest, and the basin quite as full as it was 
at first, except that the wood and water together fill the 
basin ; whereas it was all water before, I will now take away 
the basin, and put the mahogany by itself into the other scale. 

Em. It balances the water that ran out of the basin. 

CL The mahogany therefore displaced a quantity of water 
equal to itself in weight. 

Fa. And so did the guinea just now; and if you had taken 
the same precaution, you would have found that the quantity 
of water equal in bulk to the guinea 'weighed 7-^ grains, the 
weight which it lost by being weighed in the fluid. 

Em. Am I to understand that what any substance loses of 
its weight, by being immersed in water, is equal to the 
weight of a quantity of water of the same bulk as the sub- 
stance itself? 

Fa. Yes; if the body be wholly immersed in water: and 
with regard to all substances that are specifically heavier than 
water, you may take it as an axiom, that every body when 
immersed in water, loses as much of its weight as is equal to 
the weight of a bulk of water of the same magnitude.” 

I will now place tliis empty box on the basin filled to the 
edge with water, and, as before, it drives over a quantity of 
the fluid equal in weight to itself. Put in two penny-pieces, 
and you will^perceive the box sink deeper into the water. 

Ch. Yes; and. they drive more water over: as much, I 
suppose as is equal in weight to the copper coins. 
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Fa, You are right. Now, can you tell me how long you 
cor Id go on loading the box? 

Ch, Till the weight of the copper and box, taken together, 
is something greater than the weight of as much water as is 
equal in bulk to the box. 

Fa, You understand, then, the reason why boats, barges, 
and other vessels, swim on water; and to what extent you 
may load them with safety. 

Em, They will swim so long as the weight of the vessel 
and its lading together is less than that of a quantity of water 
equal in bulk to the vessel. 

Fa, Certainly: can you, Charles, devise any method to 
make iron or lead swim, although they are so much heavier 
than water? 

Ch, I think I can. If the metal be beaten out very thin, 
and the edges turned up, I can easily conceive that a box or a 
boat formed of it may be made to swim. Of this kind is the 
copper ball, which is contrived to turn off the water when the 
cistern is full. 

Em, I have often wondered how that operates. 

Fa, If, upon reflection, you could not satisfy yourself about 
the mode of its acting, you should have asked, my dear child. 
It is, better to get information from another than to remain 
ignorant. 

The ball, though made of copper, which is eight or nine 
times heavier than water, is beaten out so thin, that its bulk 
is much lighter than an equal bulk of water. By means of a 
handle it is fastened to the cock, through which the water 
flows ; and, as it sinks or rises, it opens or shuts the cock. 

If the cistern is empty, the ball hangs down, and the cock 
is open, to admit a supply of water freely: as the water rises 
in the cistern, it reaches the ball, which, being lighter than 
the water, rises with it, and, by rising, gradually shuts the 
cock; and, if it be properly placed, it is contrived to shut the 
cock just at the moment that the cistern is full. 

On the same principle, boats of iron are now constructed. 
They will last longer than wood, and cause less friction in 
passing through the water. 

I will now give you a few examples to exercise your know- 
ledge of this subject. Can you, Emma, find the spedflo 
gravity of this piece of silver? 
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Em, It weighs in air 318 grains. I now fasten it to the 
hook with the horse-hair, and it weighs in water 288 grains, 
which, taken from 318, leave 30, the weight it lost in water. 
By dividing 318 by 30, the quotient is about 10 conse- 
quently the specific gravity of the silver is ten and a half 
times greater than that of water. 

Fa, What is the specific gravity of this piece of glass ? It 
weighs 12 penny-weights in air. 

Ch, In water it weighs only 8, losing, consequently, 4 by 
immersion; and 12 divided by 4 gives 3; therefore the 
specific gravity of glass is 3 times greater than that of 
water. 

Fa, True; but bear in mind, that this is not the case with 
all kinds of glass: for the specific gravity of glass varies from 
2 to almost 4. 

Here is an ounce of quicksilver; tell me its specific gravity 
by the method we have been considering. 

Em, IIow is that to be managed, Papa? for we cannot 
hang it upon the balance. 

Fa, But you may suspend this glass bucket on the o 
hook at the bottom of a. Immerse it in the water, | 
and then balance it exactly with weights in the oppo- ^ 
site scale. 

I will now put into the bucket the ounce, or 480 
grains, of quicksilver, and see how much it loses in 
water. A 

Ch, It weighs 445 grains; and consequently it lost 
35 grains by immersion: and 480 divided by 35 give 
almost 14; so that mercury is nearly 14 times heavier than 
water. 

Fa, In the same manner we obtain the specific gravity of 
all bodies that consist of small fragments. They must be put 
into the glass bucket and weighed; and then, if from the 
weight of the bucket and body in the fluid you subtract the 
weight of the bucket, there remains the weight of the body 
in the fluid. 

Em, Why do you make use of horse-hair to suspend the 
substances? Would not silk or thread do as well? 

Fa, Horse-hair is by far the best; for it is very nearly of 
the* specific gravity of water; and its substance is of such a 
nature as not to imbibe moisture. 
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Em. How would jou ^certain, Papa, the specific gravity 
of substances lighter than water? 

Fa, Upon the same principles and with the same instru- 
mtmt; hut they must he fixed to a stiff pin attached to the 
bottom of one scale, the scales being counterpoised before the 
pin is plunged into the water, or by loading the substance 
with a weight heavier than water, and allowance made for the 
difference of its weiglit in air and water; but we will advert 
to this more at large in our next conversation. 

QUESTIONS FOB EXAMINATION. 

Explain the structure and uses of the silver? — What is the specific gravity 
hydrostatical balance. — What is the of a piece of glass that weighs 12 
rule for finding the specific gravity of ounces in the air, and only eight in 
bodies? — Explain this by instance of water? — Does flint glass vary in its 
a guinea. — Tell me the reason why specific gravity ? — How is the specific 
boats, &c., swim and to what extent gravity of quicksilver to be found, and 
they may safely be loaded. — Gan iron what is it if a given quantity weigh 480 
be made to swim? — How does a cop- penny-weights in air and only 445 in 
per ball act in turning ofl* water when water ? — How can the specific gravity 
a cistern is fhll? — How would you of precious stones and other small frag- 
find the specific gravity of a piece of 1 ments of bodies be found? 


CONVERSATION XIIL 

OF THE METHODS OF FINDING THE SPECIFIC GRAVITY 
OF BODIES. 

Charles, I have endeavoured to find out the specific gravity 
of this piece of beech-wood ; but, as it will not sink in the 
water, I know not how to do it. 

Fa, It is true that we have hitherto only given rules for 
the finding of the specific gravity of bodies heavier than 
water: a little consideration, however, will enable you to dis- 
cover the specific gravity of the beech. Can you contrive 
means to sink the beech in the water? 

' Ch, Yes; if I join a piece of lead, or other metal, to the 
wood, it will sink. 

Fa, The beech I find weighs 660 grains in the air. I will 
attach to it an ounce, or 480 grains of tin, which in water 
loses 51 grains of its weight. In air the weight of the wood 
and metal, taken together, is 1140 grains; but in water they 
weigh but 138 grains; 138 taken from 1140 leave 1002, the 
difference between the weights in air and in water. 
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Ck, I now see the means of finding what I want. The 
whole mass loses 1002 grains by immersion, and the tin^ by 
itself, lost in water 51 grains: therefore the wood lost 951 
grains of its weiglit by immersion: and 660 grains, the 
weight of the beech in air, divided by 951, which it may be 
said to lose by immersion, leaves in decimals, for a quotient, 
•694. 

Fa, Therefore, making water the standard equal to 1, 
the beech is *694, or nearly -y^ths of 1 : that is, a cubic foot 
of water is to a cubic foot of beech as 1000 to 694; for the 
one weighs 1000 ounces, and the other 694 ounces. 

Em. It seems strange that a piece of wood weighing but 
660 grains in air, should lose of its weight 951 grains. 

Fa. You must, in this case, consider the weight necessary 
to make it sink in water; which must be added to the weight 
of the wood. 

I will now endeavour to make the subject easier by a 
diiferent method. 

This small piece of elm I will place between the little 
tongs, which are nicely balanced on the beam, fig. 20. 

The elm weighs 36 grains. To detain it under water, 

I must hang 24 grains to the end of the lever on 
which tlie tongs are fixed: then, by tlie rule of three, 

I say — as the specific gravity of the elm is to tlie 
specific gravity of water, so is 36, the weight of the Fig. 22 . 
elm, to 60, the weight of the elm and the additional weight 
required to sink it in water, or as 60 : 36 : : S. Gr. W : 8 . G.E. 

Em. You have not obtained the specific gravity of tlie elm, 
but only a portion of it. 

Ch. But three terms are given; because the water is 
always considered as unity, or 1; therefore the specific 
- , .36x1 

gravity of the elm is == *6. 

60 

Em. I do not yet comprehend the reason of tlie proportion 
assumed. 

Fa. It is very simple. The elm is lighter than the water; 
but, by hanging weights to the side of the balance, to which 
it is attached in order to detain it just under water, I make 
the whole exactly equal to the specific gravity of the water, 
by thus making it evident that the comparative gravity of the 
elm is to that of the water as 36 to 60. 
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Try this piece of cork in the same manner. 

Em. It weighs ^ an ounce, or 240 grains, in air; and to 
detain the cork and tongs just under water, I am obliged to 
han;^ 2 ounces, or 960 grains, of lead on the lever: therefore 
the specific gravity of the cork is to that of the water as 240 
is to 1200; and 240 divided by 1200 give the decimal *2. 

Fa. Then the specific gravity of water is 5 times greater 
than that of cork. 

Ch. We have now obtained the specific gravities of water, 
beech, elm, and cork, which are as 1, *7, nearly *6 and *2. 

Fa. You now understand the methods of obtaining the 
specific gravity of all solids, whether lighter or heavier than 
water. In making cxj>eriment8 upon light and porous woods, 
the operations must be performed as quickly as possible, to 
prevent the water from getting into the pores. 

Ch. And you have likewise shown us a method of getting 
the specific gravity of fluids, by weighing certain quantities 
of each. 

Fa. I have a still better method. The rule I will give in 
words; which you shall illustrate by examples. 

“ If the same body be weighed in difierent fluids, the 

specific gravity of the fluids will be as the weights lost.” 

Em. llie body made use of, then, must be heavier than 
the fluids. 

Fa. Certainly: this glass ball loses of its weight, by im- 
mersion in water, 803 grains; in milk it loses 831 grains; 
therefore the specific gravity of the water is to that of milk 
as 803 to 831. Now, a cubic foot of water weighs 1000 
ounces. What will be the weight of the same quantity of 
milk? 


Em,. As 803 : 831 : : 1000 : — = 1035 ounces 

803 


nearly. 

Fa. Now, Charles, teU me the specific gravity of the spirit 
of wine I have here. 

Ch. The glass loses in water 803 grains; in the spirit of 
wine it loses 699 grains; therefore the specific gravity of 
water is to the spirit tis 803 is to 699; and to find the weight 
of a cubic foot of the spirit, I say, as 803 : 699 : : 1000 : 


1000x699 


= 870 ounces. 


803 
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Fa, You may now deduce the method of comparing the 
specific gravities of solids one with another, without making 
a common standard. 

Here is an ounce of lead and another of tin: I may weigh 
them in any fluid whatever. In water the lead loses by im* 
mersion 42 grains, and the tin 63 grains. 

Em, Is the specific gravity of the lead to that of the tin as 
42 to 63? 

Fa, No: “the specific gravities of bodies are to one 
another inversely as the losses of weight sustained:” therefore 
the specific gravity of the lead is to that of the tin as 63 to 
42; or if a block of lead weigh 63 pounds, the same sized 
block of tin will weigh 42 pounds only. 

Ch, I think I see the reason of this: the heavier the body, 
tlie less it loses of its weight by immersion: therefore, of two 
bodies whose absolute weights are the same (that is, each 
weighing an ounce, pound, &c.) the one which loses least of its 
weight will be the most specifically heavy. 

Fa, Exactly so; for the specific gravity of bodies is as 
their density, and their densities are inversely as the weights 
they lose by immersion; that is, the body that is most dense 
will lose the least in water. 

Ch, How are the specific gravities of gaseous fluids esti- 
mated? 

Fa, The specific gravities of gaseous fluids are estimated 
in terms of atmospheric air, as other substances are by water. 
The difierence between the weights of a flask when exhausted 
of air by means of the air-pump, and when filled with the gas 
gives the weight of the gas which it contains: but experiments 
of this nature require great caution, for they are considerably 
influenced by the variations of the temperature and pressure 
of the air. 


QUESTIONS FOR EXAMINATION. 


How can I find the specific gravity 
of bodies that are lighter than water ? 
— What is the specific gravity of a 
piece of beech-wood that weighs 660 
penny- weights, to which when a piece 
of metal weighing 480 penny-weights 
is annexed, it loses by being immersed 
in water 61 penny-weights ? — Explain 


the mode adopted in finding the specific 
gravity of a piece of elm or other wood 
by means of fig. 22. — Make the ex- 
periment with cork What precau- 

tions are necessary in making the ex- 
periments upon porous bodies ? — Is 
there any otlier rule for finding the spe- 
cific gravity of fiuids ? — ^Explain this by 
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an experiment in water and milk. — A 
piece of glass plunged in water loses 
of its weight 803 grains; but in spirit 
of wine it loses C99 grains : what are 
the specific gravities of the two fluids ? 
— C:in you with equal bulks of different 


bodies obtain their specific gravities, 
and liow is it done? — Are the specific 
gravities in proportion to the weights 
lost by immersion in water ? — What is 
the reason of the rule that you liave 
now given me ? 


CONVERSATION XIV. 

OF THE METHODS OF OBTAINING THE SPECIFIC GRAVITY 
OF BODIES. 

Father, As I have shown you, my dear children, the methods 
of finding the specific gravity of almost all kinds of bodies, it 
will be proper in this lesson, and one or two others, to show 
you the practical utility of this part of science. 

Fm, To whom arc we indebted for the discovery of this 
mode of performing these operations? 

Fa, To that most celebrated mathematician of antiquity, 
Archimedes, who found that a solid plunged in a fluid dis- 
places a quantity of the fluid equal to its bulk. 

Ch, Was he not slain by a common soldier, at the siege of 
Syracuse? 

Fa, He was; to the great grief of Marcellus, the Roman 
commander, who had ordered that his house and person should 
be respected: but the philosopher was too deeply engaged in 
solving some geometrical inquiries to think of seeking that 
protection which even the enemy intended for him. This 
Was upwards of 200 years b. c. 

Em, Had he then so high a reputation as to induce the 
general of a besieging army to give particular orders for his 
preservation? 

Fa, His celebrity was so great among the literati of Rome, 
that his tragical end caused more real sorrow than the capture 
of the whole island of Sicily caused joy. 

We are informed by history that the wisdom of Archimedes 
suspended for a long time the fate of Syracuse. His in- 
ventions destroyed multitudes of the Roman army, as well as 
their ships: and it is added that he made use of burning 
glasses, which, at the distance of some hundreds of yards, set 
the Roman vessels on fire.* 

This subject will be considered more at large in our Conversations on Optics. 
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But to, return to our subject. To Archimedes the world is 
indebted for the discovery, “ That every body heavier than 
its bulk of water loses so much of its weight, by being sus- 
pended in water, as is equal to the weight of a quantity of 
water equal to its bulk.” 

Em, How did he make the discovery? 

Fa, Hiero, king of Syracuse, who was the friend and 
patron of this great mathematician, and himself an eminent 
philosopher, as well as a good and virtuous prince, had given 
to a jeweller a certain quantity of pure gold, to make a crown 
for him. The monarch, when he saw the crown, suspected 
that the artist had kept back part of the gold. 

Em, Why did he not weigh it? 

Fa, He did; and found the weight right: but he suspected, 
perhaps fj*om the colour of the crown, that some baser metal 
had been mixed with the gold, and therefore, though he had 
his weight, yet only a pm^t of it was gold; the rest silver or 
copper. He applied to Archimedes to investigate the fraud. 

Ch, Did he melt the crown, and endeavour to separate the 
metals? 

Fa, No: that would not have answered Hiero’s intentions. 
His object was to detect the roguery, if any, without de- 
stroying the workmanship. However, while the philosopher 
as intent upon the problem, he went, according to his custom, 
into the bath; and he observed that a quantity of water 
flowed over, which he thought must be equal to the bulk of 
his own body. He instantly conceived the means of satisfying 
Hiero’s doubts. In raptures at the discovery, he is said to 
have leapt from the water and run naked through the streets 
of the city, shouting aloud Eurecal Eurecal (Evpfyjca! Ei/piym!) 
“ I have found it out!” I have found it out!” 

When the excess of his joy was abated, he procured two 
masses, one of gold, and the other of silver, each equal in 
weight to the crown ; and having filled a vessel very accurately 
with water, into which he first dipped the silver mass, and 
observed the quantity of w^ater that flowed over: he then did 
the same with the gold, and found that the quantity of water 
flowing over was less than before. 

Ch. And from these trials was he led to conclude that the 
bulk of the silver was greater than that of the gold? 

Fa. He was. And also that the bulk of water displaced 



HIERO’S CROWN. 


255 


was, in each experiment, equal to the bulk of the metal. He then 
made the same trial with the crown, and found tliat, although 
of the same weight with the masses of silver and gold, yet it 
dis]‘^iced more water than the gold, and less than tlie silver. 

iym. Accordingly he concluded, I imagine, that it was 
neitlier pure gold, nor pure silver. 

ill. But how could he discover the proportions of each 
metal? 

Fa. T believe we have no other facts to carry us further 
into the history of this interesting experiment, for no test of 
this kind can ever be accurate, either in solids or fluids, unless 
we have previously ascertained that they have undergone by 
chemical union no change of internal structure; for substances 
in comj)osition very frequently have a different specific gravity 
than when separate and distinct. If, however, a piece of gold 
has an internal hollow fllled with silver, the process of 
weighing in water would readily and accurately prove the 
presence of the tw'o metals; but were they melted together, 
the specific gravity of the compound might possibly be greater 
or less than their separate gravities. Again, the heat or 
temperature of the substances at the time of the experiment 
must be taken into account; for heat has the property of in- 
creasing the bulk of all bodies, and consequently makes them 
specifically lighter, from the same quantity of matter filling a 
larger space; and because;, moreover, different substances are 
expanded in difierent degrees by it. But to-morrow I will 
endeavour to explain and illustrate the matter. 

QUESTIONS FOR EXAMINATION. 

By what means and by whom was practical purpose did he apply his dis- 
Ihe method of obtaining the specific covery ? — Can you in your own words 
gravities of bodies discovered ? — What briefly explain the mode adopted by 
is the axiom deduced from the dis- Archimedes in detecting the roguery of 
covciy of Archimedes ? — To what the Sicilian jeweller ? 


CONVERSATION XV. 

OF THE METHODS OF OBTAINING THE SPECIFIC GRAVITY 
OF BODIES. 

Emma. You are to describe to-day, Papa, the method of 
detecting the pr<^ortion of each metal, if two are mixed 
together in one mass. 
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Fa. Well then, suppose I take in change a guinea, which I 
suspect to be bad: upon trying it, I find it weighs 129 grains, 
which is the standard weight of a guinea. I then weigh it 
in water, and it loses of its weight 8-^ grains, by which I 
divide the 129, and the quotient is 15*6, tlie specific gravity 
of the guinea. But you know the specific gravity of the gold, 
in our current coin, is more than 17; and therefore I con- 
clude that the guinea is a mixture of silver, or copper, with 
standard gold. 

Ch. But how will you get the proportions of the two 
metals? 

Fa. Supj)ose, for example, that the mass be a compound of 
silver and gold. — “ Compute what the loss of a mass of 
standard gold would be; and likewise the loss which a mass 
of silver, equal in weight to the guinea, would sustain. Sub- 
tract the loss of the gold from that of the compound; the re- 
mainder is the ratio or proportion (not the quantity) of the 
silver: then subtract the loss of the compound from that of 
the silver; the remainder is the proportion of the gold.” I 
will propose you an example. 

What are the proportions of silver and gold in a guinea 
weighing 129 grains, whose specific gravity is found to be 
only 13*09; supposing the loss of standard gold 7*25, and that 
of a piece of silver, equal in weight to a guinea, 12*45, and 
the loss of the compound 9*85? 

Ch. I first subtract the loss of standard gold, 7*25, from 
the loss of the compound 9*85; the remainder is 2*6. I now 
take the loss of the compound 9*85 from that sustained by 
the silver 12*45, and the remainder is also 2*6. 

Fa. Then the proportions of silver and gold are equal to 
one another: consequently, the false guinea is half standard 
gold and half silver. 

Here is another counterfeit guinea, which is full weight; 
but I know that it is composed of standard gold adulterated 
with copper, and its loss in water is, as you see, 8*64: now 
tell me the proportions of the two metals. You should, how- 
ever, be informed that a piece of copper, of the weight of a 
guinea, would lose in water 14*65 grains. 

Em. I deduct 7*25 (the loss of a guinea standard gold) 
from 8*64; the remainder is 1 *39. I now take the loss of the 
compound 8*64 from 14*65 (the loss sustained by a piece of 
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copper equal in weight to a guinea) andtheremainder is6*01. 
Is not the proportion of copper to gold as 1'39 to 6*01? 

Fa, Certainly. Now, by the rule-of-three, tell me the 
quj ^tity of each metal. 

• Em, To find the weight of the copper, I add 6*01 and 1*39 
together, which are the proportional weights c-f the two 
metals; and say, as 7*40, the sum, is to 1*39 (the proportional 
weight of copper) so is the weight of the guinea, 129 grains, 
to the real weight of copper contained in the counterfeit 


, 1*39 4-129 

guinea: but — 


= 24*1 ; therefore there is little more 


than 24 grains of copper in the compound. 

Fa, You have found, then, that there are 24 grains of copper 
in this counterfeit guinea. How will you find the weight of 
tlie gold? 

Em, Very easily: for if the composition be copper and 
gold, and there are found to be 24 grains of copper, there 
must be 105 of gold. 

Ch, I have a qu(;stion to propose. Papa. If, by chance, 
you take a l>:»d guinea, how should you ])e able to ascertain 
the valife it would fetch at the goldsmitlfs? 

Fa, In this way: a piece of copper of equal weight with a 
guinea, loses of its weight in water 14*65 grains, 7*4 more than 
is lost by a, standard guinea. Tlie valiKi of a standard guinea 
is 252 pence. Divide therefore 252 by 7*4, and you get 34, 
the number of pence that is deducted from the value of a 
guinea, for every grain it loses more than it would lose if it 
were sterling gold. 

Em, In tlie guinea that lost 8*64, how much mnst be de- 
ducted from the real value of a guinea of standard gold? 

Ch. I (am tell that. Subtract 7*25 from 8*64, the re- 
mainder is 1*39; and this multiplied by 34 pence gives 47*26 
peIu;(^, or very nearly 4 shillings; consequently that guinea is 
worth only 17 shillings. 

Fa, Suppose the compound were silver and gold, how 
would you proceed in making an estimate of its value? 

Ch, A piece of silver of the weight of a guinea would lose 
12*45 grains; from which I deduct 7*25, and with the re- 
mainder, 5*2, I divide the value of a guinea, or 252 pence; 
and the quotient, 48*4 pence, or rather more than 4 shillings, 

s 
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is to be deducted from the value of a guinea adulterated with 
silver, for every grain it loses by immersion more than 
standard gold. 

Em, How is that, Papa? Silver is much dearer than 
copper: ‘and yet you allow 4 shillings a grain when the guinea 
is alloyed with silver, and but 2s. lOd. when the mixture is 
made with copper. 

Fa. Because the specific gravity of silver is much nearer 
than copper to that of gold; consequently, if equal quantities 
of silver and copper were mixed with gold, the silver would 
cause a much less loss by immersion in water than the copper. 

As it seldom happens that the adulteration of metal in 
guineas is made with all copper, or with all silver, but 
generally with a mixture of both, three shillings are, upon the 
average, allowed for every grain that the base metal loses by 
immersion in water more than sterling gold. 

Em. There is a silver cream-jug in the parlour. I have 
heard Mamma say, that she did not think it was real silver. 
How could she find out if she has been imposed on or not? 

Fa. Go and fetch it. We will now weigh it. 

Em. It weighs ounces; but I must weigh it in water. 
It has lost in the water 10^ dwts; and dividing 5^ ounces, or 
110 penny -weights by lOJ, I get for answer 10*7, the specific 
gravity of the jug. 

Fa. Then there is no cause for complaint; for the specific 
gravity of good wrought silver is seldom more than this. I 
shall now present you with a 


Table of Specific Gravities of Solids and Liquids at the 
temperature of 32® of Fahrenheit^ the density of water 
being 1. 


IHstilled water.* 

.... rooo 

2Hnc 

7-191 

Sea-water 

.... 1-020 

Glass (flint) 

3-200 

Water of the Dead Sea 

.... 1-248 

Glass (crown) 


Standard gold 

.... 192r>8 

Ivory 

1-828 

Meroary 

.... 13-598 

Gil (olive) 

•915 

Standard silyer 

.... 10-474 

Cork 

•240 

Platina 

.... 22-06*9 

Alcohol 

•835 

lead 

.... 11-852 

Proof spirit 

•928 

’Rrafiifl — - 

.... 8-896 

Butter 

•942 

Copper 

.... 8-900 

India-rubber (Caoutchouc).., 

•933 

Tin 

.... 7-291 

Naphtha 

•Sir 

Iron (cast) 

.... 7-248 

Blood 

I'Oftt 

Iron (bar) 

. .. 7-788 

Chalk 

2-678 
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1-800 

Diamond 

..... 0*521 to 3*550 
2-582 

MiirVilp 

2-716 

TVf i ■ ! 

1-032 

Piiprar ,, ,,, 

1-606 

SIiiinTiin* 

2-038 


Wine averages *993 


Wood, beech ‘SSi 

box (Dutch) 1-328 

cedar -696 

ebony 1-331 

elm -GTl 

fir -550 

mahogany 1-068 

oak 1-170 


Table of Specifijc Gravities of Gases and Vapours^ that of 
Atmospheric Air being 1. 


Atmospheric air 1-000 

Carbonic acid gas 1-527 

Carburetted hydrogen ditto ... *927 

Chlorine ditto 2-500 


QUESTIONS FOR 

ITow am I to know whether a sus- 
pected guinea be a counterfeit or not ? 

— Is there any means of finding outthe 
proportions of the base and pure metal? 

— Explain the same with regard to a 
guinea whicli is full weight. — ITow 
am I to ascertain tlic value of a coun- 
terfeit guinea, tliut is composed of 


Hydrogen gas -069 

Nitrogen ditto *927 

Oxygen ditto 1111 

Sulphuretted hydrogen ditto ... 1 * 1 8G 

EXAMINATION. 

copper and gold? — Wliat arc the 


methods of estimating its worth if it 
be a compound of gold and silver ? — 
Tell me what is the average allowance 
for every grain that base metal loses by 
iinmersion more than sterling gold. — 
How CAn I find whether this silver 
cream-jug is of fair marketable silver ? 


CONVERSATION XVL 

OF THE HYDROMETER. 

Father, Before I descrilie the construction and uses of the 
hydrometer, I will show yon an expfiriraent or two, wliich 
will afford you entertainment, after the dry calculations in 
some of our former conversations. 

Ch. The arithmetical operations are rather tedious, cer- 
tainly, but they serve to bring to mind what we have already 
learnt, and at the same time show to what uses arithmetic may 
be applied. 

Fa. You know that wine is specifically lighter than 1 
water, and that the lighter body will always be upper- / jA 
most. Upon these principles I will exhibit two or 
three experiments. J have filled the bulb b with port 

wine, to the top of the narrow stem x. I now fill a V /b 

with water. Fig. 23. 

Em, The wine is gradually ascending, like a fine red thready 
through the water to its surface. 

s 2 
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Fa. And so it will continue till the water and wine have 
changed places. 

Ch. I wonder the two liquids do not mix, as wine and 
water do in a common drinking glass. 

Fa. It is the narrowness of the stem x which prevents the 
admixture: in time, however, this would be effected; because 
water and wine have what the chemists call an attraction for 
each other. 

Here is a small bottle b with a neck three inches 
long, and about one-sixth of an inch wide: it is full of 
port wine. I will now place it at the bottom of a jar 
of water, a few inches deeper than the bottle is high. 

The wine, you observe, is ascending through the water. 

Em. This is a very pretty experiment: the wine Fig. 24. 
rises in a small column to the surface of the water, spreading 
itself over it, like a cloud. 

Fa. Now reverse the experiment. Fill the bottle with 
water, and plunge its neck quickly into a glass of wine: the 
■wine is taking the place of the water. 

Ch. Could you decant a bottle of wine in this way, witliout 
turning it up? 

Fa. I could, if the neck of the decanter were sufficiently 
small. The negroes in the West Indies are said to be well 
acquainted with this principle of hydrostatics; and t})(y 
plunder their masters of rum by filling a common bottle 'vvitli 
water, and plunging the neck of it into the bung-hole of the 
hogshead. 

Upon the principle of lighter fluids keeping the uppei-inost 
parts of a vessel, several fluids may be placed u[>on one 
another in the same vessel -without mixing: thus, in a long 
upright jar, three or four inches in diameter, I can ])Iace 
water first, then port wine, then oil, brandy, oil of tui'pcntinc, 
and alcohol. 

Ch. How would you pour them one upon another without 
mixing? 

Fa. This -will require a little dexterity. When the water 
is in, I lay a piece of very thin pasteboard upon its surface, 
and then pour in the wine: after which I take away the 
pasteboard, and proceed in the same manner with the rest. 
Take a common goblet or drinking glass; pour water in, and 
then lay a thin piece of toasted bread upon fhe water; and 
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you may pour your wine upon the bread, and the two fluids 
will remain for some time sepai*ate. 

Em, Is the toast placed there merely to receive the shock 

the wine when poured in? 

Fa, It is. I will now proceed to explain the principle of 
the hydrometer^ an instrument contrived to ascertain with ac- 
curacy and expedition the specific gravities of different fluids, 
and tlience the strength of spirituous liquors: the term is 
derived from two Greek words, hudor (vSwp) “ water,” and 
metron (yerpov) measure.” 

A B is a hollow cylindrical tube of glass, ivory, ^ 
coppei*, &c., five or six inches long, attached to a t y 
hollow sphere of copper, d. To the bottom of this is ^ 
united a smaller sphere, e, containing a little quick- ^ 
silver, or a few leaden shot, sufficient to poise the ma- 
cliiiKi, and make it sink vertically in the fluid. ( ® ) 

C/t, What are the graduated marks on the tube? 

Fa, They are degrees, exhibiting the magnitudes (^0 
of the part below the surface; consequently, the spe- 25. 
cific gravity of the fluid in which it dcsc.ends. If tlie hydro- 
meter, when j)iac(Ml in water, sink to the figure 10, and in 
spirit of wine to 11*1, then the specific gravity of the water 
is to that of the spirit, as 11*1 to 10: for if the same body 
f loat upon different fluids, tlie sj[)ecific gravity of these fluids will 
be to each other inversely as the parts of the body immersed. 

E7n, By inversely do you mean that the fluid in which the 
hydrometer sinks the deej)est is of the least specific gravity? 

Fa, Yes, I do. Hero is a piece of dry oak, which if put 
into spirit of wine, is entirely immersed: in water, the greatest 
part of it sinks below the surface; but in mercury, it scarcely 
sinks at all. Hence it is evident that the hydrometer will 
sink deepest in the fluid that is of the least specific gravity. 

To render this instrument of more service, a small stem is 
fixed at the end of the tube, upon which weights, like 
tliat at ff, may be placed. Suppose, then, the weight of the 
instrument to be 10 dwts., and, by being placed in any kind 
of spirit it sink to a certain point, L, it will require an ad- 
ditional weight, suppose 1 *6 dwt., to sink it to the same depth 
in water. In this case, tlie specific gravity of the water to 
the spirit will be as 11*6 to 10. By the addition of different 
weights, the specific gravity of any kind of liquor is easily 
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found. The point l should be so placed as to mark the exact 
depth to which the instrument will sink in the liquor that 
has the least specific gravity. 

Ch, But you always make the specific gravity of water 
for the sake of a standard. 

Fa, To be sure: and to fiiid the specific gravity of the 
spirit compared with water at 1 ; I say, as 1 TG : I : : 10 : *862 
nearly; so that I should put the specific gravity of tliis spirit 
down at *862 in a table where water was marked 1 : and as a 
cubic foot of water weighs 1000 ounces, a cubic foot of this 
spirit would weigh 862 ounces; wliich is generally the 
standard of pure rectified spiHt, 

Em, Is tliis what is usually called spirit of wine? 

Fa, No: it is the alcohol of the chemists; one pint of 
which added to a pint of water makes a quart nearly of 
common spirit of wine. 

Ch, You said *862 was generally the specific gravity of 
alcohol. What causes the difierence at other times? 

Fa. It is not always manufactured of equal strength: and 
the same fluids vary in respect to their specific gravity by the 
different degrees of heat and temperature in the atmosphere. 
The cold of winter condenses the fluid, and increases the 
specific gravity: the heat of summer causes an expansion of 
the fluid, and a diminution of its specific gravity. The hy- 
drometer more generally used than any other is that of Sykes, 
from being directed by Act of Parliament to be used in col- 
lecting the revenue of the United Kingdom from the Excise, 
&c. But there is another ready method of estimating the 
densities of different liquids frequently practised, by means of 
a set of glass beads, previously adjusted and numbered. They 
are thrown into any liquid, and the heavier beads sink, while 
the lighter float on the surface of the water; and the bead 
approaching nearest to the density of the liquid will remain 
buoyant, either upon the surface or under it, in any position it 
may be placed, and upon this bead is the number, in thou- 
sandth parts, indicating the specific density of the liquid. 

Em. You said just now that a pint of water added to a pint 
of alcohol made nearly a quart of spirit of wine: surely two 
pints make a full quart. 

Fa. Indeed they will not. A pint of water added to a 
pint of water will make a quart; and a pint of spirit added to 
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a pint of spirit will make a quart; but mix a pint of spirit 
with a pint of water, and there is a certain chemical union or 
penetration between the particles of the two fluids, that di- 
I tinishes the volume. This subject we shall resume in our 
chemical conversations; but I will see how far you have 
understood the nature of speciflc gravity, by asking you a 
question or two. 

Now, as in the course of these six conversations on the 
specific gravities of bodies, you have witnessed a number of 
experiments, what are the general deductions arising in your 
mind from them? 

C/^. I have learned that if a solid be immersed in several 
fluids, the weights wJiich it loses in those fluids are as the 
specific gravities of the fluids: for each weight answers to a 
particular bulk of each particular fluid. 

Fa, What is the absolute gravity of any substance? 

Ch, That is only to be found by weighing it in a vacuum; 
although its comparative gravity in the air is commonly taken 
for its absolute gravity. 

Fa, Do all solids that float upon, or are suspended in any 
fluid, communicate their gravity to the whole fluid? 

Ch, They do: and the pressure upon that part of the 
bottom which lies directly under the solid is not greater than 
upon any other part. 

To what purposes is the hydrometer applied? 

Fa, It is used in breweries and distilleries, to ascertain the 
strength of their difterent liquors: and by this instrument the 
excise-officers gauge the spirits, -and thereby determine the 
duties to be paid to the revenue. 

It does not appear to be used so much as formerly: for if 
the liquors differ considerably in specific gravity, they require 
an increase in the limits of graduation. Thus, the hydrometer 
adapted to spirits will swim in water with part of the ball 
above the surface; and if it be adapted to water, it will not 
swim in spirits at all. Tliis may be remedied, however, either 
by lengthening or widening the tube: but the first is incon- 
venient, and the latter would make the graduations so short 
as to render them of little use. 

Ck, Is this instrument applicable to finding the specific 
gravity of solids as well as fluids? 

Fa, It appears that Mr. Nicholson, as described in his 
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Introduction to Natural Philosophy, made an attempt to 
adapt it to solids; and it was found to be sufficiently accurate 
to give weights true to less than one-twentieth of a grain. 
He observed at the same time that experiments concerning 
specific gravities in general, are more difficult to be made 
with accuracy than authors in general seem to imagine; as, 
in water, a few degrees of difference of temperature will 
change the figures; and in different specimens of the same 
kind of wood the specific gravities will also vary, as •will 
metals cast out of the same melting, if cooled more or less 
quickly. The latter are also altered by hammering.* 

QUESTIONS FOR EXAMINATION. 

Explain the experiment intended to j it graduated? — What is the meaning 
be exhibited by figs. 23 and 24. — By i of the word inversely Avhen applied to 
wliat means are the slaves in the West this subject ? — What is the difference 
Indies said to plunder their masters of between spirit of wine and alcohol ? — 
rum ? — Can fluids of different specific i Will a pint of water and a pint of 
gravities be placed one upon another | alcohol make a quart? if not, what is 
without mixing ? — For what purposes the cause ? — In what trades is the liy- 
is the hydrometer used ? — Explain its drometer used ? 

Rtructui*e by means of fig. 25. — How is 


CONVERSATION XVII. 

OF SWIMMING. 

Father, I think, from the time we have spent in considering 
tlie specific gravity of different bodies, you will be at no loss 
to account for a variety of circumstances that will present 
themselves to your attention in the common concerns of life. 
Can you, Emma, explain the theory of floating vessels? 

Em, All bodies whatever that float on the surface of the 
water, displace as much fluid as is equal in weight to the 
weight of the bodies: therefore, in order that a vessel may 
keep above water, it is only necessary to take care that the 
vessel and its cargo, passengers, &c. should be of less weight 
than the weight of a quantity of water equal in bulk to that 
part of the vessel which it will be safe to immerge in the 
water. 

Fa, Salt water (that is, the water in the sea) is specifically 
heavier than fresh or river water. 


* Nicholson, Intr. to Nat. Fiiilos 
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Ch, Then the vessel will not sink so deep at sea lu it does 
in the Thames. 

jPa. Certainly not. If a ship be laden at Sunderland, or 
any other sea-port, with as much coals or corn as it can carry, 
it will come very safely till it reach the fresh water in the 
Thames; and there it will infallibly go to the bottom, unless 
some of the cargo be taken out. 

Em. How much heavier is seawater than fresh? 

Fa. About one thirtieth part; as you will see by looking 
at the table of specific gravities previously referred to (in 
Conversation XV.); and that knowledge would be a guide to 
the master of a vessel, who was bent upon freighting it as 
deeply as possible. 

Ch. In bathing I have often tried to swim; but have not 
pet been able to accomplish the task. Is my body specifically 
heavier than tlie water? 

Fa. By some very accurate experiments made by Mr. 
Bobertson, the late librarian of the Royal Society, upon ten 
different persons, the mean specific gravity of the human body 
was found to be about -J^th less than that of common river 
water. 

Ch. Why, then, do I sink to the bottom? I ought to swim 
like wood on the surface. 

Fa, Though you are specifically lighter than water, yet it 
will require some skill to throw yourself into such a position 
as to cause you to float like wood. 

Ch. What is that position? 

Fa. Dr. Franklin, who was a great swimmer, and gave 
lessons in tlie art, when he first arrived in London as a 
journeyman printer, recommends a person to throw himself in 
a slanting position on his back ; his whole body, except the 
face, being kept under water. 

Unskilful persons, in the act of attempting this, are apt to 
plunge about and struggle: by which means they take water 
in at their mouths and nostrils, which of itself would soon 
render them as heavy or heavier than the water. Moreover, 
the coldness of the stream tends to contract the body: and, 
perhaps, fear has the same tendency. All these things put 
together will easily account for a person sinking in the water. 
Some persons, however, find great difficulty, even under the 
instruction of the best of swimmers, to keep themselves afloat. 
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Indeed I have seen a great many attempts made without 
success. 

Ch. From what cause^ Papa, do you conceive that this 
inability arises? 

Fa. Some attribute it, as I have just said, to fear: but my 
opinion is, that it very frequently depends on the confor- 
mation of the body, as in the case of wood; some bodies being 
naturally more buoyant than others. 

Em. But if a dog or a cat be thrown into the pond, it seems 
as terrified as I should be in a like situation; yet they never 
fail of making their way out by swimming. 

Fa. Of all land animals, man is, probably, the most helpless 
in water. The brute creation swim naturally: the humjin 
race must acquire the art by practice. In other animals the 
trunk of the body is hirge, and their extremities small: in 
man, the arms and legs are small in proportion to the bulk of 
the body; but the specific gravity of the extremities is greater 
than that of the trunk ; consequently it will be more difficult 
for man to keep above water than for four-footed animals: 
besides, the act of swimming seems more natural to them than 
to us, as it corresponds more nearly to their mode of walking 
and running than to ours. 

Ch. I will try, the next time I bathe, to throw myself on 
my back, according to Dr. Franklin’s directions. 

Fa. Do not forget to make your experiments in water that 
is not so deep as your height, by at least a foot, unless you 
have an experienced person with you; because an unsuc- 
cessful experiment in that element, where it is but a little out 
of your depth, may be the last you will make. And neither 
your sister nor I can spare you yet. 

Ch. I once jumped into a part of the New -River, which 
did not appear to me to be deeper than you mentioned; and I 
found it was over my head; but there were several person: ^ 
there who soon put me in shallower water. 

Fa. It is not so generally known as it ought to be^ that the 
depth of a clear stream of water is always one-fourth part 
greater than it appears to be.* 

Ch. If th© river appear to be only three feet deep, may I 
reckon upon its being full four feet? 

* The reason of this deception will he explained in oiur conversations on 
Optics. 
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Fa, You may estimate it in this manner. Remember also 
that if a person sink slowly in water ever so deep, a small 
effort will bring him up again; and if he be then able to 
throw himself on his back, keeping only his face above water, 
idi will be well: but if, instead of this, he become alarmed, 
and, by struggling, throw himself so high above the water 
that his body does not displace so much of it as is equal to its 
weight, he will sink with an accelerated motion. A still 
stronger effort, which the sense of danger will produce, may 
bring him up again; but, in two or three efforts of this kind, 
his strength fails, and he sinks to rise no more alive. 

Em, Is it the upward pressure which brings up a person 
that is at a considerable depth in the water? 

Fa, It is: this upward pressure balances the weight of 
water which he sustains, or he would be crushed to pieces 
by it. 

Cork an empty bottle ever so well, and with weights plunge 
it down a hundred yards into tlie sea, and the pressure of 
the water will force the cork into the bottle. 

Ch, I must, at all events, learn to swim. 

Fa, I hope you will, and well too; it may be the means of 
saving your own life, and rescuing others who are in danger 
of drowning. But let me observe to you, that the head, legs, 
and arms are considered specifically heavier than fresh water, 
though the body is not; and generally speaking an eleventh 
part of the weight of the body remains above the surface in 
fresh water, and a tenth in salt-water. It is difficult, there- 
fore, to keep the mouth and nostrils above water; yet if the 
body be put into a walking position, and the head leaned back 
upon the water, so as to raise the chin above the level of the 
forehead, the mouth and nostrils are perfectly free for respi- 
ration; and bear in mind that the arms and hands must be 
imder water if you wish to keep the head above; for the arms 
and head exceeding a tenth of the weight of the body, cannot 
be above water at. the same time; it has even been said that 
if the arms and hands are kept under water, it would be im- 
possible to sink. The grand thing is to have confidence, and 
to be fully persuaded of the natural buoyancy of the body. 
The safest method of swimming is the upright, recommended 
hy Mr. Bernardi, yet it is not the swiftest, but speed must 
give way to security. 
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QUESTIONS FOR EXAMINATION. 

Can you explain the theory of Franklin recommend to a person to 
floating vessels? — Will a vessel sink learn to swim? — Why do all quadru>* 
deepest in salt water or in fresh? — Is peds swim? — What risk do incau-' 
there any danger of loading a vessel too lions bathers run, and from wdiat cause ? 
heavily that rides in the sea, and which — How much deeper Is a clear stream 
has to come into fresh water? — What than it appears to be? — What is the 
is the difference of densities between cause of a person being drowned ? — By 
sea and fresh water? — Is the human what means is a person who falls into 
body lighter or heavier than fresh the water brought up again from the 
water? — What makes a person sink bottom? 
in water ? — What ' method does Dr. 


CONVERSATION XVIIL 

OF THE SYPHON. 

Father, This bent tube is called a Syphon, or more 
correctly spelled siphon, as it is a Greek word 
ineaniii" “ a hollow body, reed, tube,” &c. ; and is 
used to draw olF water, wine, or other liquids from 
Yesseis which it would be inconvenient to move from 
the place in which they stand. se. 

Ch, I do not see how it can draw liquor out of any vessel. 
Why is one leg longer than the other? 

Fa, I will first show you how the operation is performed, 
and then endeavour to explain the principle. 

I fill the tube edc with water, and then placing a finger 
on E, and another on c, I invert tlie tube, and immerse the 
shorter leg into a jar of water: now, having taken my fingers 
away, you see that the water runs over in a stream. 

Em, Will it continue to flow over? 

Fa, Yes, until the water in the vessel sinks as low as e, 
the edge of the syphon. 

Ch. Is this accounted for by pressure? 

Fa, To the pressure or weight of the atmosphere we are 
indebted for the action of the syphon, pumps, &c. At i>re- 
sent you must take it for granted that the air which we 
breathe, though invisible, has weight, and tliat the pressure 
occasioned by it is equal to about 14 or 15 pounds upon every 
square inch.* The surface of this table is equal to about six 

* If any of my young readers are unwilling to admit this assertion without 
proof, they must be referred to the beginning of these dialogues for a complete 
demonstration of the fact. 
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square feet, or 864 square inches, and the pressure of the 
atmosphere upon it is equal to at least 12096 pounds. 

Em, How does the pressure of the air cause tlie water to 
run through the syphon? 

Fa, The principle of the syphon is this: the two legs are 
of unequal length; consequently the weight of water in the 
longer leg is greater than that in the shorter, and therefore 
will, by its own gravity, run out at c, leaving a vacuum from 
D to E, unless the pressure of the atmosphere on the surface 
of the water i]i the jar force it upAhe leg d e, and thus conti- 
nually supply the place of the water in d c. 

Ch, But, since the pressure of fluids acts in all directions, 
is not the upA^^ard pressure of tlie atmosphere against c, the 
mouth of the tube, equal to the downward pressure on tlie 
surface of the water? 

Fa, Tlie pressure of the atmosphere may be considered as 
equal in both cases. But these equal pressures are counter- 
acted by the pressures of the two unequal columns of water, 
3) E and I) c. And since the atmospheric pressure is more 
than suflicient to balance both these columns of fluid, that 
whicli acts with the less force, (namely, the column i) E,) will 
be more jiressed against d than D c is against D E at the 
vertex i>; consequently the column de will yield to the 
greater pivissure, and flow oft* through tlie orifice c. 

Em, Would the same thing haiipeu if the outer leg, D c, 
were shorter than the other? 

Fa, If D c were broken oft*, at B, even with the surface of 
the water, no water would run over: or if it were broken oft* 
anywhere lower than i?, it ^vould only run away till the sur- 
face of the fluid descended to a level with the length of the 
outer tube, because then the column de will be no more 
pressed against D c than d c is against D E, and consequently 
the syTilioii will empty itself ; the water in the outer leg will 
run out at the lower orifice, and that in the inner will fall 
back into the jar. 

C/i, In decanting a bottle of wine, arc you obliged first to 
fill the syphon with li(iuor, and then invert it? 

Fa, Ko: either a small pipe is fixed to the outer leg of the 
syphon, by which the air is drawn out of it by the mouth; 
or the mouth is applied to the orifice of the outer leg; and 
the short leg having been previously immersed in the wine, 
the fluid wiU follow the air, and run out til the bottle is 
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empty; as long as the tube coutinues full, no air can gain 
admittance, and the liquor flows on till it is all expended. 
Whichever mode, however, is adopted, for water the highest 
part of the syphon must not exceed 34 feet above the reser- 
voir, and for mercury not more than 30 inches, because 
the presence of the atmosphere will not support a greater 
height of water, or of mercury. 

The syphon is sometimes disguised for the sake of 
amusing young people. Tantalus’s Cup is of this kind. 

The longer leg of the syphon passes througli, and is ce- 
mented into the bottom of the cup: if water be poured 
into the cup, so as not to stand so high as the bend of 
the tube, the water will remain as in any common 
vessel; but if it be raised over the bended part of tlie syphon, 
it will run over, and continue to run till the vessel is emptied. 
Sometimes a little figure of a man, representing Tantalus, 
conceals the syphon; so that Tantalus, as in the fable, stands 
up to his chin in water, but is never able to quench his thirst; 
for, just as it comes to a level with his chin, it runs out 
through the concealed syphon. 

This is another kind of Tantalus’ cup; but 
the syphon is concealed in the handle; and s 
when the water in the cup, which communi- 
cates with the shelter leg at c, is raised above 
the bend of the handle, it runs out through the 
longer leg at p, and so continues till the cup is 
empty. This cup is often made to deceive the 28 . 

unwary, who, by taking it up to drink, cause the water, which 
was, while at rest, below the bend of the syphon, to run 
over; and then there is no means of stopping the stream till 
the vessel is empty. 

Ch, I have frequently seen, at the doors of public houses, 
large hogsheads of spirits in carts or wagons, and persons draw- 
ing off the contents by means of an instrument like a syphon. 

^a. That is called a distiller’s crane or 
syphon, b represents one of these barrels 
with the crane at work from the bung- 
hole n. The longer leg, m r, is about 
three feet long, with a stop-cock near the 
middle, which must be shut, and then the 
shorter leg is immersed in the liquor. 
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Em, Then, by the upward pressure of the fluid, the air in 
the short leg is forced into the other. 

Fa, And the cock being shut, it cannot escape, but will be 
very much condensed. If, then, the cock be suddenly opened, 
tlie condensed air will rush out, and the pressure of the air on 
the liquor in the vessel will force it over the bend of the 
syphon, and cause It to flow off in a stream, as the figure re- 
presents. If, however, the barrel be not full, or nearly so, 
then it is necessary to draw the air out of the syphon by 
means of a small tube, a by fixed to it. 

Ey the principle of the syphon we are enabled to explain 
the nature of intermitting springs. 

Em, What are these. Papa? 

Fa, They are springs, or rather streams, that flow perio- 
dically. A figure will give a clearer idea of the subject than 
many words without it. Let gfc 
represent a cavity in the bowels of a 
hill or mountain, which may be consi- 
dered as the reservoir or vessel of 
liquor to >)e drawm off, from the bottom 
of which,c, proceeds the irregular chan- 
nel or duct, c E D, forming a sort of 
natural syphon, having its shortest leg Fig. so. 

opening into the reservoir, and its longest at the surface of 
the earth where the spring appears. Now, as this cavity 
fills, by means of rain or melted snow' draining through the 
pores of the ground, the water will gradually rise in the leg 
c E, till it has attained the horizontal level h A, when the 
spring will begin to flow through the leg E D, upon the prin- 
ciple of the equilibrium of fluids, and continue to increase 
in the quantity discharged as the water rises higher, till a 
full stream is sent forth, and then, by the principle of the 
syphon, it must continue to flow till the water sinks to the 
level i iy when the air will rush into the syphon, and stop its 
motion, 

Ch, And being once brought so low, it cannot run over 
again till the cavity is full of water, or, at least, up to the 
level h hy which, as it is only supplied by the draining of the 
water through the ground, must take a considerable length of 
time. Is it by reason of the reservoir being imperfectly sup- 
plied that they are called intermitting springs? 
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Fa, It is. Mr. Clare, in his treatise ‘‘ On the Motion of 
Fluids,” illustrates this subject by referring to a pond at 
Gravesend, out of which the water ehhs all the time the tide 
is coming in to the adjacent river, and runs in while the tide 
is going out. Another instance mentioned by the same 
author, is a spring in Derbyshire, called the Wedding-well, 
which, at certain seasons, sends forth a strong stream, with 
a singing noise, for about three minutes, and then stops again. 
At Lambourn, in Berkshire, there is a brook which, in sum- 
mer, carries down a stream of water sufficient to turn a mill; 
but during the winter there is scarcely any current at all. 
There is also an intermitting spring at Laywell, near Torbay, 
in Devonshire, having many superstitious notions connected 
with it, which are prettily described by Dr. Atwell in the 
“ Philosophical Transactions,” No. 424. 

In intermitting springs, the periodical returns of the flow- 
ing and cessation will be regular, if the Ailing of the reser- 
voir be so; but the interval of the returns must depend on 
the quantity of water furnished by the springs. 

Ch, What is the Wurtemburg syphon, Papa? 

Fa, It is a syphon made with both branches equal, and 
turned up at both ends, so that as long as the extremities are 
kept on the same level, it will continue always full and ready 
for use. It takes its name from having been Arst used at 
Wurtemburg. 

Can you tell me now, Charles, from what we have been con- 
sidering, whether there are limits to the action of the syphon? 

Ch, Yes; for I And that if the perpendicular action of the 
syphon, from its bend to the surface of the water, be 34 feet, 
or more, the instrument cannot be Ailed by suction, or by 
any other method of exhausting the air; and if it be Ailed 
Arst, the water will separate at the bend, part of it running 
out at each oriAce; because, when such a syphon is full, the 
weight of the w'ater in each leg is greater than the pressure 
of the atmosphere. 

Fa, You are quite correct, Charles; and from the same 
principles, you will perceive^ by and by, when we come to 
speak of Pumps, the reason of the construction and work- 
ing of common pumps, and why they cannot raise water higher 
than about 34 feet. 
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QUESTIONS FOR EXAMINATION. 

Wuat is the syphon intended for? — 1 — Explain the principle upon which a 
How does it act ? — To what is the 1 bottle of wine, &c., is decanted by the 
action of pumps and other hydraulic syphon ?— How is the Tantalus's cup 
machines to be attributed? — How is explained? — Explain by the figure in 
the essure of the air estimated? — whatmanner the distiller’s crane acts. — 
By wl lat means does the pressure of the How is the nature of intermitting springs 
air make the syphon act? — Explain accounted for? — Can you explain the 
this to me by the assistance of the figure, theory by a reference to the figure ? 


CONVERSATION XIX. 

OF THE DIVING BELL. 

Father, Take this ale-glass, and thrust it with the mouth 
downwards into a glass jar of water, and you will perceive 
that but very little water will enter into it; the greater por- 
tion of the space remaining empty, or rather only filled with 
air, and any object placed in this would continue perfectly 
dry thougli completely surrounded by water. 

Ch, The water does not rise in it more than about a quarter 
of an inch. If‘ I properly understand the subject, the air, 
which filled the glass before it was put in water, is in quan- 
tity the same, but is now compressed into the smaller space; 
and it is this body of air tJiat prevents more water getting 
into the glass. 

Fa. That is the reason: for ii you tilt the glass a little on 
one side, a part of the air will escape in the form of a bubble; 
and then the water will rise higher in the glass: and this 
compression of the air is more or less in proportion to the 
depth to which it is made to descend. 

Upon this simple principle an apparatus has been invented, 
by which people have been able to walk about at the bottom 
of the sea with as much safety as upon the surface of the earth. 
The first invented machine of this kind was subject to two 
great disadvantages; one was that the men had to work in 
the Avater, which the compressibility of the air admitted into 
the bottom of the bdl; and tlie other was, that the air within 
the bell, by repeated respiration, soon became mephitic and 
unfit to sustain life, so that it had continually to be drawn up 
to admit fresh supplies; it Avas, therefore, very little employed 

T 
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till Dr. Halley, more than a century ago, remedied the chief 
defect of the want of fresh air, and improved its construction. 
Who the original inventor was is not known. Beckmann, in 
bis interesting “ History of Inventions, relates the circum- 
stance of two Greeks, at Toledo, in the sixteenth century, 
descending beneath the water in a machine of this principle, 
and in the presence of the Emperor Charles V., and many 
thousand spectators. It is said to have been obscurely men- 
tioned by Aristotle, b.c. 325, and to have been first used in 
Europe in a.d. 1509. It was called the Diving Bell, and was 
suspended by a chain from a ship above it. 

C/i. Was it made in the shape of a bell? 

It was: and as great strength was required to resist 
the pressure of the water, he caused it to be made of copper. 
This is a representation of it. The 
diameter at the bottom was five 
£ee>j that of the top three feet; 
and it was eight feet high. To 
make the vessel sink vertically 
in water, the bottom was loaded 
with a quantity of leaden balls. 

Em, It was as large as a good 
sized closet. But how did he con- 
trive to get light? 

Fa, Light was let into the bell 
by means of strong spherical glasses fixed in the top of the 
machine. 

Ck, How are the persons who dive supplied with air? 

Fa, Barrels, filled with fresh air, were made sufficiently 
heavy, and sent <lown ; such as that represented by c ; from 
whicli a leathern pipe communicated with the inside of the 
bell, and a stop-cock at the upper-part of the bell let out the 
foul air. 

Em, The men seem to sit very contentedly under the bell; 
yet I do not think I should like to be with them. 

Fa, Perhaps not: but the principal inconvenience which 
the divers experience arises from the condensation of the air 
in the bell, which though in the ale-glass was very trifling, 
yet, at considerable depths in the sea is very great, and pro- 
duces a disagreeable pressure upon all parts of the body, but 
more particularly in their ears, as if quills were thrust into 
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them. This sensation does not last long; for the air, pressing 
through the pores of the skin, soon becomes as dense within 
their bodies as without; and then the sense of pressure 
ceases. 

J^m. They might stop their ears with cotton. 

i'//. One of them once thought himself as cunning as you; 
and, for the want of cotton, he chewed some paper, and stufied 
it into his ears. As the bell descended, the paper was forcibly 
pressed into the cavities, and it was with great difficulty, and 
danger, that it was extracted by a surgeon. 

C7f. Are the divers able to remain long under water? 

Fa, Yes: when all things are properly arranged, if busi- 
ness require it, they will stay several hours, without the 
smallest difficulty, enjploying themselves, sometimes in clear- 
ing the bottoms of harbours, sometimes in laying foundations 
of buildings, and at others in bringing up all kinds of mate- 
rials that may have accidentally sunk, as from wrecks, &c. 

Em, But ho'vj do they get up again? 

Fa, They are generally let down from a ship, and, 
taking a rope with them, the extremity of which is attached to 
a bell in the vessel, they have only to pull the string, and the 
people in the ship draw them up. 

Ch, What does the figure e outside the bell represent? 

Fa. A man detached from the bell, with a kind of inverted 
basket made of lead, in which is fixed another flexible lea- 
thern pipe, to give him fresh air from the bell as often as he 
may find it necessary. By this method a man may walk to 
the distance of 80 or 100 yards from the machine. 

Em. It is to be hoped his comrades will not forget to supply 
him with air. 

Fa. If his head be a little above that part of the bell to 
which the pipe communicates, he can, by means of a stop- 
cock, assist himself as often as lie requires a new supply; and 
that man is always best helped who can lielp himself. 

Ch. I doubt not but that is a right principle. ’ In the pre- 
sent case, I am sure, it would be exceedingly wrong to 
depend on another for that which might be done by oneself. 
Has the Diving Bell been applied to any very useful pur- 
poses? 

Fa. By means of this invention, as I have before observed,, 
a great number of valuable commodities have been recovered 

T 2 
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from wrecks of ships, though at great depths in the sea. Some 
very heavy and valuable articles have lately been recovered 
by it from the Royal George, a first-rate man-of-war, sunk 
by accident more than fifty years ago at Spithead. 

QUESTIONS FOR EXAMINATION. 

Upon what principle is the diving- air ? — What sensations do divers feel 
bell made ? — Explain the structure of under water ? — How are divers brought 
that represented in Fig. 31. — In. this up ? — To what purpose is the diving- 
machine how are divers supplied with bell applied ? 


CONVERSATION XX. 

OF THE DIVING BELL — continued. 

Father, You see how, by this contrivance, the parts of 
wrecked vessels and their cargoes are saved from the devour- 
ing ocean; and by what means people are enabled to pursue 
the business of pearl and coral fishing. 

Em, Have there been no accidents attending this busi- 
ness? 

Fa, There are very few professions, however simple, the 
exercise of which, either tlirough carelessness or inattention, 
is not attended with danger. The diving-bell proved fatal to 
Mr. Spalding and an assistant, who went down to view the 
wreck of the Imperial East-Indiaman near Ireland. They 
had been down twice; but on descending the third time, 
they remained about an hour under water, and had two bar- 
rels of air sent down to them; but on signals from below not 
being again repeated, after a certain time they were drawn 
up by their assistants, and both found dead in the bell. This 
accident happened by the twisting of some ropes, which pre- 
vented the unfortunate sutFerers from announcing their wants 
to their companions in the ship. Mr. Day also perished at 
Plymouth in a diving-bell of Ids own construction, in which 
he was to have continued, for a wager, twelve hours, one 
hundred feet deep in water. 

. Ch, Did these accidents put an end to the experiments? 

Fa, By no means, but have led to several improvements 
in the structure and use of the machine. After the improve- 
ments of Mr. Spalding, Mr. Smeaton, in 1788, in order to 
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carr;; on the operations contemplated in Ramsgate liarbour, 

very successfully made use of a square cast-iron « 

chest, the weight of which, 50 cwt., was heavy 

enough to sink itself. It was 4-| feet in height, 

the same number of feet in length, and 3 feet ||| |S!!!l| 

wide; which of course afforded sufficient room for jl y ^ ;!|||| 

two men at one time to work under it, 

Em, What are those round things at the top of Fig. 82. 
the machine? 


Ea, They are four strong pieces of glass, to admit the light. 
The great advantage which this had over Dr. Halley’s bell 
was, that the divers were supplied with a constant influx of 
air, without any attention of their own, by means of a forcing 
air-pump, worked in a boat upon the surface of the water 
over them. 


Diving-bells have latterly been much used, especially by 
Mr. Rennie, in the construction of the various harbours he 
projected; and they have also been successfully employed in 
deepening the Clyde between Glasgow and Greenock, and 
improving the navigation of the river. 

Ch, That is not represented in the plate. 

Fa, Look io the next figure, which is a diving 
machine of a difl'erent construction, invented by 
the verj- ingenious lecturer, Mr. Adam Walker,* 

This machine, is of the shape of a conical tub; 
but little more than one-third ss largo as Mr. 

Smeaton’s. The balls at the bottom are com- 
posed of lead, sufficiently heavy to make it sink 
of itself: a bent metal tube, ah is attached to 
the outside of the machine with a stop-cock, 
and a flexible leathern tube to the other end, c: 33. 

this tube is connected with a forcing air-pump, which 
abundantly supplies the diver with fresh air. 

Em, Can he move about with the machine? 



Fa, Most readily; for the pressure of the water being 
equal on all sides, he meets with very little resistance; and 
the ropes and leathern tube being flexible, he can, with the 
machine over his head, walk about several yards, in a perpen- 
dicular posture; and thus, having a more ready access to 


* See Walker’s System of Natural Pliilosophy, 2 vols. 4 to. 
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objects under water than in a cumbrous bell, he can easily 
fasten ropes to them, and perform what may be necessary 
nearly as well as on dry land. Mr. Walker says, that the 
greatest part of the valuables saved from the rich ship Bel- 
gioso was taken up by this bell. The following anecdote, 
given by this gentleman, may prove interesting to my younger 
readers. 

“ As the diver had plenty of air to spare, he thought a 
candle might be supported in the bell, to enable him to de- 
scend by night. He made the experiment, and presently 
found himself surrounded by fish; some very large, and many 
such as he had never seen before. They sported about the 
bell, and smelt at his legs, as they hung in the water. This 
rather alarmed him, for he was not sure but some of the 
larger ones might take a fancy to him: he therefore rang his 
bell to be taken up, and the fish accompanied him with much 
good nature to the surface.” 

But diving is also carried on without the Diving-bell by 
means of certain mechanical apparatus to supply the diver 
with fresh air and light, and leave him the free use of his 
arms and legs. Borelli contrived a diving bladder, of brass 
or copper, two feet in diameter, to contain the diver’s head, 
which was fastened to a goat-skin covering. A Mr. Deane, 
on the west coast of Scotland, improved on this, by construct- 
ing a copper helmet, furnished with all necessary apparatus 
for breathing and seeing, and with a water-proof dress, so 
that the diver could remain five or six hours under water per- 
fectly dry, and thus be enabled to bring up considerable trea- 
sure from the bottom of the sea. 

QUESTIONS FOR EXAMINATION. 

Have x)earl and coral fishing been machine? — Explain the nature of the 
attended with accidents ? — What is the one invented by Mr. Adam Walker, 
structure of Mr, Smeaton’s diving- 


CONVERSATION XXI. 

OP PUMPS. 

Father, Here is a glass model of a common household- 
pump, which acts by the pressure of the atmosphere on the 
surface of the water in which it is placed. 
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Em, Is this like the pump below stairs ? 

Fa. The principle is exactly the same: a repre- 
sents a ring of wood, or metal, with pliable leather 
fa tened round it to fit the cylinder a. Over the 
whole is a valve of metal covered with leather, of 
wdiich a part serves as a liinge by which the valve 
may open and shut. 

Ch. What is a valve, Papa ? Fig. 34. 

Fa. It may be described as a kind of lid or trap-door, that 
opens one way into a tube, but which, the more forcibly it is 
pressed the other way, the closer the aperture is shut: so tliat 
it admits the entrance of a fluid into the tube, but prevents its 
return ; or permits it to escape, and prevents its re-entrance. 

Attend now to the figure. The handle and rod, r, end in a 
fork, 5 , which passes through the piston, and is screwed fast, to 
it on the under side. Below this, and over a tube of a smaller 
bore, as is another valve, z, opening upward, which admits 
the water to flow up, but not to run down. 

Em. That valve is open now; by which we see the size of 
the lower tube; but I do not perceive the upper valve. 

Fa. It is supposed to be shut, and in this situation the 
piston a is drawn up, and, being air-tight, the column of air 
on its top is removed, leaving, consequently, a vacuum in the 
part of the cylinder between the piston and the lower valve. 

Ch. I now see the reason of lifting up the handle, to pump 
up the water: because the piston then goesdowm to the lower 
valve, and by its ascent afterwards the vacuum is produced. 

Fa. And the closer the piston is to the lower valve, the 
more perfect will be the vacuum. 

You know that there is a pressure of the air on all bodies, 
on or near the surface of the earth, equal to about 12 or 15 
pounds on every square inch. This pressure upon the water 
in the well, into whicli the lower end of the pump is fixed, 
forces tlie water into the tube z above its level, as high as I, 

Ch. What becomes of the air that was in that part of the 
tube? 

Fa. You shall see the operation. I will put the model into 
a dish of water which now stands at a level, in the tube z, 
with the water in the dish. 1 draw up the piston a, which 
causes a vacuum in the cylinder a. 
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Em. But the valve i opens; and now the water has risen 
as high as /. 

Fa. Because, when the air was taken out of the cylinder 
A, there was no pressure upon the valve to balance that 
beneath it; consequently the air in the tube z opens its valve 
2, and part of it rushes into a. But as soon as part of the 
air had left the tube 2?, the pressure of the atmosphere upon 
the water in the dish was greater than that of the air in the 
tube, and therefore, by the excess of pressure, the water is 
driven into it as high as 1 . 

Ch. The valve i is again shut. 

Fa. That is, because the air is diffused equally between 
the level of the water at I and the piston a ; and therefore the 
pressures over and under the valve are equal : and the reason 
that the water rises no higher than I is, that the air in that 
space is not only equally diffused, but is of the same density 
as the air without. Push down the piston a again. 

Em. I saw the valve in the piston open. 

Fa. For the air between the piston and valve i could not 
escape by any other means than by lifting up the valve in a. 
I will draw up the piston. 

C/i. The water has risen now above the valve as high 
as m. 

Fa. I dare say you can tell the cause of this. 

Ch. It is this. By lifting up the piston, the air that was 
between I and the valve i rushed into a, and the external 
pressure of the atmosphere forced the water after it. 

Fa. You are right. And now that portion of air re- 
mains between the surface of the w^ater m and the piston. 
The next time the piston is forced down, all the air must 
escape, the water will get above the valve in the piston, and, 
in raising it up again, it will be thrown out of the spout. 

Em. Will the act of throwing that out open the lower 
valve again, and bring in a fresli supply? 

Fa. Yes : every time the piston is elevated, the lower 
valve rises, and the upper valve falls; but every time tlie 
piston is depressed, the lower valve falls, and the upper one 
rises. 

Em. This method of raising water is so simple and easy, 
that I wonder people should take the trouble of drawing 
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water up from deep wells, when it might be obtained so much 
easier by a pump. 

Fa. I was going to tell you, that the action of pumps, so 
beautiful and simple as it is, is very limited in its operation. 
I " the water in the well be more than 32 or 33 feet from the 
valve i, you may pump for ever, but without any effect. 

Ch. That seems strange; but why 33 feet in particular? 

Fa. I have already told you that it is the weight of the 
atmosphere which forces the water into the vacuum of the 
pump: now, if this weight were unlimited, the action of the 
pump would be so likewise: but the weight of the atmospliere 
is only about 14 or 15 pounds on every square inch; and a 
column of water, of about 33 or 34 feet in height, and whose 
surface is one square inch, weighs also 14 or 15 pounds. 

Ch. Then the weight of the atmosphere would balance or 
keep in equilibrium only a column of water of 33 or 34 feet 
high, and consequently could not support a greater column of 
water, much less have power to raise it up. 

Em. A pump, then, would be of no use in the deep wells 
which we saw near the coast in Kent. 

Fa. None at all: the piston of a pump should never be 
set to work more than 28 feet above the water, because, at 
some periods, the pressure of the atmosphere is so much less 
than at others, that a column of water, something more than 
28 feet, will be equal to the weight of the air. In fiict, 
although in theory the limit of the height to which water may 
be raised by the sucking pump from the surface of the fluid 
to the highest point is 34 feet, which is the height of a 
column of water that balances the pressure of the atmo- 
sphere, yet from the impracticability of making the apparatus 
perfectly air-tight, it cannot be raised above 28 feet in pumps 
of ordinary construction. 

The pump we have been describing is called the Sucking 
Pump; there are two other kinds, called the Forcing Pumpy 
and the Chain Pump^ which shall form the subject of our 
next conversation. 

QUESTIONS FOR EXAMINATION. 

Can you show by Fig. 34 how the than 33 feet deep? — To be sure of the 
pump acts ? — To what depth is the action of a pump, how far from, the 
action of the suction-pump confined ? water should the piston be set ? 

— Why is a pump useless in wells more 
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CONVERSATION XXII. 


OP THE FORCING-PUMP FIRE ENGINE- 

HYDRAULIC -PRE S S. 


-ROPE -PUMP AND 


j-s 


Fig. 36. 


Charles, Why is this called the forcing-pump? 

Fa, Because it not only raises the water into 
the barrel like the common pump, but afterwards 
forces it up into the reservoir k k. "‘ I 

Em, How is that operation performed, Papa? 

Fa, The pipe and barrel are the same as in 
the other pump; but the piston has no valve*: it 
is solid and heavy, and made air-tight, so that no 
water can get above it. 

Ch, Does the water come up through the valve n, as it did 
in the last? 

Fa, By raising up t\^e piston, or, as it is generally called, 
the plunger, g, a vacuum is made in the lower part of the 
barrel, into which, by the pressure of the air, the water rushes 
from the well, as you shall see. 

Em, And the valve is shut down. 

Fa, The -water not being able to go back again, and being 
a fluid that is nearly incompressible, when the plunger is 
forced down, it escapes along the pipe m, and tlirough the 
valve b into the vessel k. 

Ch. Though the water stands no higher tlian K jet it flows 
through the pipe f to some height. 

Fa. The pipe F i is fixed into the top of the vessel, and is 
made air-tight, so that no air can escape out of it after the 
water is higher than i, the edge of tlie pipe. 

Em. Then the whole quantity of air which occupied the 
space F ^ is compressed into the smaller space h r. 

Fa, You are right; and therefore the extra pressure on 
the water in the vessel forces it through the pipe, as you see. 

Ch. And the greater the condensation, that is, the more 
water you force into the vessel k, the higher the stream will 
mount. 

Fa. Certainly: for the forcing-pump differs from the last 
in this respect: that there is no limit to the altitude to wiiich 
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water may be thrown, since the air may be condensed to 
almost any degree. 

The water-works at old London-bridge, alluded to in a 
previous conversation, exhibited a most curious engine, con- 
structed upon the principle of the forcing-pump: the wheel- 
wo k was so contrived as to move either way, as the tide 
changed. By these works 140,000 hogsheads of water were 
raised every day. 

Em. Is there any rule to calculate the height to which an 
engine will throw water? 

Fa, If the condensation of the air be double that of the 
atmosphere, its pressure will raise water 33 feet: if the 
condensation be increased threefold, the water will reach 66 
feet; and so on, allowing the addition of 33 feet in height for 
every increase of one to the number that expressed the air’s 
condensation. 

Ch, Are fire-engines made in this manner? 

Fa, They are all constructed on the same principle; but 
there are two barrels by which the water is alternately driven 
into the air-vessel. By these means the condensation is much 
increased: the water rushes out in a continued stream, and 
with sucli velocity, that a raging fire is rather dashed out than 
extinguished by it. 

Garden-engines are also constructed on a principle similar 
to that we have been describing. 

This figure is the representation of a method of 
raising water from wells of considerable depth. 

Em, Is it a more convenient method than the 
wheel and axle? 

Fa, The wheel and axle are adapted merely to 
draw up water by buckets: whereas the rope-pump 
is intended to throw water into a reservoir at almost 
any height. I't consists of three hair ropes passing 
over the pulleys a and B, which have timee grooves in each. 
The lower pulley, b, is immersed in the water, in which it is 
kept suspended by a weight, x. The pulleys are turned round 
with great velocity by multiplying wheels, and the cords in 
their ascent carry up a considerable quantity of water, which 
they discharge into the box or reservoir from which, by 
pipes, it may be conveyed elsewhere. The ropes must not 
be more than about an inch apart. 
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Em» What is the reason of that, Papa? 

Fa, Because, in that case, a kind of column of water will 
ascend between the ropes, to* which it adheres by the pressure 
of the atmosphere. 

Ch, Ought not this column, in its ascent, to fall back by its 
own gravity? 

Fa, And so it would, did not the great velocity of the 
ropes occasion a considerable rarefaction of the air near them; 
consequently the adjacent parts of the atmosphere pressing 
towards the vacuity, tend to support the water. 

Em, Can any considerable quantity of water be raised in 
this way. 

Fa, At Windsor there is a pump of this kind which will 
raise, by the efforts of one man, about 9 gallons of water in a 
minute from a well 95 feet deep. In the beginning of the 
motion, the column of water adhering to the rope is always 
less than when it has been worked for some time, and the 
quantity continues to increase till the surrounding air par- 
takes of its motion. There is also another of these pumps at 
the same place, which raises water from the well in the round 
tower, 178 feet in depth. 

Ch, What is a Chain-pump, Papa? 

Fa, A Chain-pump is generally used in ships of war, and 
consists of an endless chain moving over a wheel on tlie gun- 
deck, which is turned round by winches, and over a roller in 
the pump well, having flat circular pistons at certain intervals. 
Near the pump-well and where the chain ascends there is a 
pipe, through wluch the circular pistons raise the column of 
water, which being lifted over the upper orifice of the pipe, 
falls into the cistern, and thence into the waste-pipe called the 
pump-dale^ which carries it overboard: the descending chain 
falls througli another place called the hack-case. In large 
ships these pumps can throw out a ton a minute. 

Ch, You told us, some time ago, that when we had seen 
the nature and understood the construction of valves, you 
would explain the action of the water -press, called the Hy- 
draulic-press. 

Fa, This is a good time for the purpose; and with it I 
shall conclude our hydrostatical conversations. 

You must turn back to fig. 14. <7 is a strong cast-iron 

cylinder, ground very accurately witliin, that the piston e may 
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fit exceedingly close and well. I need scarcely tell you that 
the little figure represents a forcing-pump, with a solid piston, 
c, and a valve, n, that opens upwards, through which the 
water is brought into the pipe no. By bringing down the 
piston c, the water in no is forced through the valve x into 
the bottom of the cylinder, and thereby drives up the piston e, 

Ch, What does m represent? 

Fa, A bundle of hay, or bag of cotton, or any other sub- 
stance that it may be desirable to bring into a compass twenty 
or thirty times less than it usually occupies. 

Fm, I see now the whole operation: the more water there 
is forced into eo, the higher the piston is lifted up, by which 
the substance m is brought into a smaller space. 

Fa. Every tim’e the handle s is lifted up, the water rushes 
in from the well or cistern, and when it is brought down, the 
water must be forced into the cylinder. The power of this 
engine is only limited by the strength of the materials of which 
it is made, and by the force applied to it. 

Mr. Walker says, a single man, working at Sy can, by a 
machine of this kind, bring hay, cotton, &c., into upwards of 
twenty times less compass than it was before; consequently, a 
vessel carrying light goods may be made to contain twenty 
times more packages by means of the hydraulic-press, than it 
could without its assistance. 

QUESTIONS FOR EXAMINATION. 

Can you describe tne forcing-pump ? plain the structure and operations of 
— In what does the forcing differ from the rope-pump? — How much water 
the common sucking-pump? — Ui)on will the rope-pump at Windsor raise in 
what principle were the London w ater- a minute, and from what depth ? — 
works constructed ? — What is the rule Explain the nature of the water-press 
to calculate the height to which an en- as it is exhibited in the 14th figure. — 
gine will throw water — Ilow are fire- What can be done with it ? 
engines constructed ? — Can you cx- 


DEFINITIONS EXPLAINED. 

1. Npdrottatics is a branch of natural philosophy that treats of the nature, 
gravity, pressure, and motion of fiuids in general. 

2. This science is, by some authors, divided into two distinct parts — viz., 
Hydrostatics and Hydraulics ; the latter relates particularly to the motion of 
water through pipes, conduits, &c. 

8. A fluid is a body the parts of which yield to any impression, and in yielding 
are easily moved among each other 

4. The air we breathe is a fluid, the parte of which yield to the least pressure. 
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5. The particles of which fluids are made, are supposed to be exceedingly* 
r.mall, round, and smooth. 

e. They are likewise imagined to be very hard, and almost incapable of 
compression. 

7. The particles of water have but a slight attraction for one another. 

8. Fluids press in all directions equally. 

9. A portion of any kind of fluid gravitates in another when surrounded by a 
larger portion, in the same way as if it were in the air. 

10. A fluid presses in proportion to its perpendicular height, and the base of 
the vessel containing it, without any regard to the quantity. 

1.1. The .specific gravity of any body is its weight compared with any other 
body i or more generally, 

12. By specific gravities is meant the relative weights of equal bulks of 
different substances. 

13. The lateral or side pressure of fluids is equal to the perpendicular pressure. 

14. The hydrostatic parado.K is, ** That any quantity of water, however small, 
may be made to balance and support any quantity, however large.” 

15. The pressure of water and other fluids differs from its gravity or weight 
in this: that the weiglit is according to the quantity, hut the pressure is 
according to the perpendicular height. 

16. The pressure of fluids against tlie separate parts of the side of any vessel, 
taken horizontally, increases as the odd numbers 1 , 3, 5, 7, &c. 

17. The pressure against the whole side of a vessel must vary as the square of 
the depth of the vessel. 

18. Of three vessels, whose depths are as 1, 2, and 3, the pressure against the 
side of the second >vill be four times greater than that against the first, and the 
pressure against the side of the third will be nine times greater than that against 
the first. 

19. In any cubical vessel, the pressure against any one side is equal to half the 
pressure upon the bottom : and of course the pressure upon the four sides is 
equal to twice the pressure upon the bottom. 

20. The pressure of any fluid upon the bottom and four sides of a cubical 
vessel is equal to three times the weight of the fluid. 

31. The pressure of the fluid in any conical vessel is found by multiplying the 
base by the wliolc perpendicular height; therefore the pressure will be equal to 
three times its weight. 

22. The velocity with which water spouts out at a hole in the side or bottom 
of a vessel is as the square root of the distance of the hole below the surface. 

23. The pressure against the side of a vessel increases in proportion to the 
square of the dej)th ; but tue velocity of a spouting pipe increases only as the 
square root of the depth. 

24. Tlie horizontal distance to wdiich a fluid will spout from a horizontal pipe 
in any part of an upright vessel below the surface of the fluid, is equal to twice 
the length of a perpendicular to the side of the vessel, drawn from the mouth of 
the pipe to a semicircle described upon the altitude of tlie vessel. 

25. Of several pipes placed horizontally in the side of an upright vessel, that 
in the centre will spout the furthest : and pipes at equal distances from the 
centre, above and below, will spout to equal distances. 

26. In pipes placed obliquely, that wliose elevation is 45® will spout the 
fiirthcst ; and those placed at equal angles above and below 45®, will spout to tho 
same point. 

27. Water will not rise so high in a jet, as it does in a tube. 

28. Bodies heavier than water will sink in it, and those that are lighter than 
the fluid will swim. 

29. Fure rain water, which is the usual standard for comparing the specific 
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weights of bodies, is everywhere of the same weight, and a cubic foot weighs 
exactly a thousand ounces avoirdupoise. 

80. The specific gravity of bodies is estimated by the quantities of matter 
when the bulks are the same. 

31. A solid immersed in water sustains a pressure on all sides, which is in- 
creased in proportion to the height of the fluid above the solid. 

32 A body specifically lighter than water will sink in it till so much of it 
is below the surface, that a bulk of water equal to the bulk of the parts of the 
body which is below the surface is of a weight equal to the "weight of the whole 
body. 

33. The instrument for comparing the specific gravity of solids is called the 
Hydrostatic Balance. 

34. The rule for obtaining the specific gravity of a body is this: " Weigh the 
body first in air : then in water, observe what it loses by being weighed in water* 
and by dividing the former weight by the loss sustained, the result is its specific 
gravity.” 

35. Every body, when immersed in water, loses as much of its weight as is 
equal to the weight of a bulk of water of the same magnitude. 

36. If the same body be weighed in different fluids, the specific gravity of the 
fluids will be as the weights lost. 

37. The specific gravity of bodies are to one another inversely as the weights 
lost by immersion in water. 

38. The instrument for comparing the specific gravities of liquids is called the 
Hydrometer. 

39. The Hydrometer is used in breweries and distilleries to ascertain the 
strength of the liquors, and by the excise officers to gauge the spirits in order to 
ascertain the duties to be paid to the revenue. 

40. All bodies that float on the surface of water displace as much fluid as is 
equal in weight to the weight of the bodies so floating. 

41. Salt-water is specifically heavier than fresh or river water. 

42. The specific gravity of the human body is found to be one-ninth less than 
that of common river water. 

43. People in danger of drowning should never raise their arms and hands 
above the water, and then they cannot sink. 

44. Clear water is always one-fourth part deeper than it appears to be. 

45. A syphon is a bent tube with unequal legs. — The cause of its action is 
owing to the pressure of the atmosphere added to the preponderance of weight 
in the longest leg. 

46. The diving-bell is an empty vessel inverted and made sulficiently heavy 
to sink in water. 

47. Pumps for raising water are of two kinds, the sucking and the forcing- 
pump. 

48. The water in a sucking-pump is raised from the well by the pressure 
the atmosphere ; and it can be raised by this means about 34 feet, theoretically, 
but practically, only 28 feet. 

49. A forcing-pump is unlimited, in regard to the height to which it may raise 
water. 

50. All air-vessel is added to a forcing-pump to give an equable stream. 

51. A constant stream is produced by means of two barrels, with pistons 
moving up and down alternately. 

52. Plungers are pistons that nearly fill the working barrel : these do not act 
by the pressure of the atmosphere. 

58. Valves are of various kinds : the best are technically described as the 
clack-valve, the button and tail valve, the conical valve, and the globular valve. 
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PNEUMATICS. 

FIRST CONVERSATION. 

OF THE NATURE OF AIR. 


FATHER CHARLES EMMA. 

Father. TImt branch of natural philosophy which is called 
Pneumatics treats of the mechanical properties of elastic fluids, 
and especially of atmospheric air — ^that is, of the nature, weight, 
pressure, and elasticity of the air which we breathe, and other 
fluids, and likewise of tlie several effects dependent upon 
these properties: it takes its name from the Greek word 
pneuma {irveyfia) “ air, or breath.” 

Ch. You told us. Papa, a few days ago, that the air, though 
to us invisible, is a fluid; but it surely differs very much 
from those fluids which you described when treating of 
Hydrostatics. 

Fa. It does: but bring to your recollection the terms by 
which we defined a fluid, and you will find some agreement. 

Ch. You distinguished a fluid as a body, the parts of which 
yield to the least pressure. 

Fa. The air in which we live and move will answer to 
tliis definition. Since we are continually immersed in that 
element, as fish are in the water, if the parts did not yield to 
the least force, w^e should be constantly reminded of its 
presence by the resistance made to our bodies; wdiereas per- 
sons unaccustomed to think on these subjects are not even 
aware that they are surrounded with a fluid, the weight and 
pressure of which, if not counterbalanced by some other 
power, would instantly crush the human frame. 

Em. In a still calm day, wdien we can scarcely discern a 
single leaf in motion, it is difiicult to conceive the existence 
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cif such a fluid; but when, as Thomson, in his Summer,** 
forcibly expresses it, 

down at once. 

Precipitant descends a mingled mass 
Of roaring winds, and flames, and rushing floods, 

no doubt can remain as to the existence of some mighty un- 
seen power. 

Ch, By this quotation, Emma, you take it for granted that 
the air and the winds are the same. 

Fa, This is really the fact, as we shall prove by and bye. 

Ch, But I am not yet quite satisfied that the air is such a 
body as you have described. 

Fa, I do not wish, nor do I intend, to proceed a single step 
till I have made you perfectly understand this point. You 
see how easily those gold and silver fish move in the water. 
Can you explain the reason of it? 

Ch, Is it not by the exertion of their fins? 

Fa, A fish swims by the help of his fins and tail; and fish 
in general are nearly of the same specifi^j gravity with water. 
Take away the water from the vessel, and the fish would 
still have the use of their fins and tail, at least for a short 
period. 

Fm, And they would flounder about at the bottom. 

Fa, Now consider the case of birds, how they fly. The 
swallow, for instance, glides as smoothly along in the air as 
fish do in the water: but if I were to put a bird, or even a 
butterfly, under a glass receiver, however large, and draw 
away the air, they would have no more use of their wings 
than fish have of their fins when out of water. You shall see 
the experiment in a day or two: 

If this support 

Were wanting, all the feather’d tribes must drop 
The useless wing. Eudosia. 

Fm, And would they die in that situation, as fish die ivhen 
taken from their natural element, the water? 

Fa, The cases are precisely similar: some fish, as the carp, 
the eel, and almost all kinds of shell-fish, will live a con- 
siderable time out of water: so some creatures, which depend 
upon air for existence, )vill live a long time in an exhausted 

u 



290 


PNEUMATICS 


receiver. A butterfly for instance, will fall to the bottom 
apparently lifeless, but admit the air again into the receiver, 
and it will revive; while from experiments which have been 
made on mice, rats, birds, rabbits, &c., it is found that they 
will live but a very few minutes without air. 

Em, Such experiments are very cruel. 

Fa, And ought not by any means to be indulged in wan- 
tonly. They can be only justified upon the presumption that, 
in the hands, and under the direction of able pliilosophers, 
they may lead to discoveries of importance to the health and 
happiness of the human race. 

Ch, Can fish live in water from which the air is wholly 
excluded? 

Fa, The air is, in fact, as necessary to their existence as it 
is to ours. Besides their fins, fish possess an air-vessel, 
which gives them full command of their various motions in 
all depths of water, which their fins, without it, would not be 
equal to. 

Em, What do you mean by an air-vessel? 

Fa, It is a small bladder of air, so disposed within them, 
that, by the assistance of their muscles, they are able to con- 
tract or dilate it at pleasure. By its contraction they become 
specifically heavier than the water, and sink; by its dilatation 
they become lighter, and rise to the surface more readily. 

Ch, Are these operations effected by the external air? 

Fa. Chiefly so; for if you take away the air from the water 
in which a fish is swimming, it will no longer have the power 
of contracting the air-vessel within, wliich will then become 
so expanded as to keep the fish on the surface of the water, 
to its great inconvenience and pain. Yet by experiment it 
has been shown that if this air-bladder be removed, a fish may 
still have the power of raising or lowering itself in tlic water ; 
and Muller in his ivork on Physiology, says that this air is 
not derived from without, but secreted by the inner surface of 
the sac or bladder; and that the air varies considerably as to 
its component parts at diflerent times and places, and even in 
the same fish, but there is some difference of opinion as to the 
precise use of this air-bladder. 

Ch, Of what is the air composed, Papa? 

Fa, Atmospheric air is composed of two gases — ^viz., oxy- 
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gen and nitrogen, in the proportion of 20 or 21 parts of 
oxygen, to 80 or 79 of nitrogen in every volume of 100 parts; 
hut it is never so absolutely pure as this, being always charged 
with a variable quantity of carbonic acid, and watery vapour. 
It has been found that the proportion of carbonic present is 
greater in summer than in winter, and greater in the night 
than in the day, and in dull weather than in bright weather. 
Electrical states of the atmosphere, however, diminish the 
quantity of carbonic acid. Of these gases, the most important 
and most active is oxygen, the uses of the nitrogen not being 
yet accurately known. Without oxygen there would be an 
end to animal life, and it is the most active principle in sup- 
porting combustion, and effecting changes in mineral and other 
matters. 

Ch, Are there different proportions of these gases in dif- 
ferent parts of the world? 

Fa, No, Charles: the component parts of the air are the 
same in every region of the globe, and in every altitude; even 
in infected places, the proportions of these gases are the same, 
and its noxious qualities at that time arc owing to the presence 
of some deleterious matter intermingling with the air, and of 
too subtle a character to be distinguished, or chemically dis 
covered. Other properties of the air we shall discuss as we 
proceed. 

QUESTIO^^S FOR EXAmXATION. 

Wliat is meant by l*ncuraatics ? — to the existence of fish ? — What is the 
Will the detiuition given to a fluid air-bladder in fish, and what are its 
comprehend the air? — Is air necessary uses? 


CONVERSATION H. 

OF THE AIR-PUMP. 

Emma, You alluded yesterday, Papa, to the taking away 
of air from certain vessels, called receivers. Will you show 
us how that is performed? 

Fa, I will: and I believe it wiU be the most convincing 
method of proving to you that the air is a body such a» 
I have described. 

u2 
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receiver. A butterfly for instanco, will fall to the bottom 
apparently lifeless, but admit the air again into the receiver, 
and it will revive; while from experiments Avhich have been 
made on mice, rats, birds, rabbits, &c., it is found that they 
will live but a very few minutes without air. 

Em, Such experiments are very cruel. 

Fa, And ought not by any means to be indulged in wan- 
tonly. They can be only justified upon the presumption that, 
in the hands, and under the direction of able philosophers, 
they may lead to discoveries of importance to the health and 
happiness of the human race. 

Ch, Can fish live in water from which the air is wholly 
excluded? 

Fa, The air is, in fact, as necessary to their existence as it 
is to ours. Besides their fins, fish possess an air-vessel, 
which gives them full command of their various motions in 
all depths of water, which their fins, without it, would not be 
equal to. 

Em. What do you mean by an air-vessel? 

Fa. It is a small bladder of air, so disposed within them, 
that, by the assistance of their muscles, they are able to con- 
tract or dilate it at pleasure. By its contraction they become 
specifically heavier than the water, and sink ; by its dilatation 
they become lighter, and rise to the surface more readily. 

Ch. Are these operations effected by the external air? 

Fa. Chiefly so: for if you take away the air from the water 
in which a fish is swimming, it 'will no longer have the power 
of contracting the air-vessel within, which will then become 
so expanded as to keep the fish on the surface of the water, 
to its great inconvenience and pain. Yet by experiment it 
has been shown that if this air-bladder be removed, a fish may 
still have the power of raising or lowering itself in tlie water; 
and Muller in his work on Physiology, says that this air is 
not derived from without, but secreted by the inner surface of 
the sac or bladder; and that the air varies considerably as to 
its component parts at different times and places, and even in 
the same fish, but there is some difference of opinion as to the 
precise use of this air-bladder. 

Ch. Of what is the air composed, Papa? 

Fa. Atmospheric air is composed of two gases — ^viz., oxy- 
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gen and nitrogen, in the proportion of 20 or 21 parts of 
oxygen, to 80 or 79 of nitrogen in every volume of 100 parts; 
hut it is never so absolutely pure as this, being always charged 
with a variable quantity of carbonic acid, and watery vapour. 
It has been found that the proportion of carbonic present is 
greater in summer than in winter, and greater in the night 
than in the day, and in dull weather than in bright weather. 
Electrical states of the atmosphere, however, diminish the 
quantity of carbonic acid. Of these gases, the most important 
and most active is oxygen, the uses of the nitrogen not being 
yet accurately known. Without oxygen there would be an 
end to animal life, and it is the most active principle in sup- 
porting combustion, and effecting changes in mineral and other 
matters. 

Ch, Are there different proportions of these gases in dif- 
ferent parts of the world? 

Fa, No, Charles: the component parts of the air are the 
same in every region of the globe, and in every altitude; even 
in infected places, the proportions of these gases are the same, 
and its noxious qualities at that time are owing to the presence 
of some deleterious matter intermingling with the air, and of 
too subtle a character to be distinguished, or chemically dis 
covei-ed. Other properties of the air we shall discuss as we 
proceed. 

QUESTIONS FOR EXAMINATION. 

What is meant hy Pneumatics ? — to the existence of fish ? — What is the 
Will the (letiiiitiun given to u fluid air-bladder in fish, and what are its 
comprehend the air ? — Is air necessary uses 


CONVERSATION H. 

OF THE AIR-PUMP. 

Emma, You alluded yesterday, Papa, to the taking away 
of air from certain vessels, called receivers. Will you show 
us how that is performed? 

Fa, I will: and I believe it will be the most convincing 
method of proving to you that the air is a body such ail 
I have described. 
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This machine is called an air- 
pump; and its use is to exhaust, 
or draw oiF, the air from any ves- 
sel, such as this glass receiver lk. 

Ch. Does it act like the com- 
mon pump? 

Fa, So much so, that if you 
comprehend the nature and struc- 
ture of the one, you will find but 
little difficulty in understanding 
the other. I will, however, de- 
scribe the different parts. a a are two strong brass barrels, 
within each of which, at the bottom, is fixed a valve, opening 
upwards: these valves communieate with a concealed pipe 
that leads to k. The barrels include also moveable pistons, 
with valves opening upwards. I presume of course that you 
attended to the structure of the common pump, which was 
described in Conversation XXL on Hydrostatics. 

Em, How are they moved? 

Fa, To the upper parts of the piston are attached racks, a 
part of w'hicli you see at c: these racks are moved up and down 
in the brass barrels by means of a little cog-wheel, turned 
round by the handle h. 

Ch. You turn the handle but half-way round. 

Fa. And by so doing you perceive that one of the racks 
rises, while the other descends. 

Em. What is the use of the screw v. 

Fa, It serves to re-admit air into the receiver when it is 
in a state of exhaustion ; for without such a contrivance the 
receiver could not be moved out of its place after the air was 
taken from under it. But you shall try for yourselves. I 
first place a slip of wet leather under the edge of the receiver, 
because the brass plate is liable to be scratched, and the 
smallest unevenness between the receiver and plate would pre- 
vent the success of our experiment. — I have turned the handle 
but a few times. Now try to take away the receiver. 

Ch. I cannot move it. 

Fa, I dare say not: for now the greater part of the air is 
taken from under the receiver, and consequently it is pressed 
down with the weight of the atmosphere on the outside. 

Em. Tray explain how the air was taken away. 




THE AIE-PUMP. 


293 


Fa. By turning the winch r half way round, I raise one of 
the pistons, and thereby leave a vacuum in the lower part of 
the barrel, when a portion of the air in the receiver rushes 
through the pipe into the empty barrel. By turning the 
winch the other way, which raises the other piston, a vacuum 
would be left in that barrel, did not another portion of air 
rush from the receiver into it. 

Ch. When the first piston descends, does the air in the 
barrel open the little valve, and escape by the rack c? 

Fa. It does: and, by the alternate working of the piston, 
80 much of the air is taken away, that the quantity left has 
not force enough to raise the valve. 

Ch. Cannot you take all the air from the receiver? 

Fa. Not by means of the air-pump. 

Em. AVhat is the reason that a mist comes on the inside of 
the glass receiver while the air is exhausting? 

Fa. It is explained by the sudden expansion of the air left 
in the receiver, which we shall notice more particularly in our 
conversations on Chemistry. The fact is described, as well 
as the general operation of the air-pump, by Dr. Darwin, in 
his “ Botanic Garden” — 

How, as in brazen pumps the pistons more, 

The membrane valve sustains the weight above ; 

Stroke follows stroke, the gelid vapour falls, 

And misty dew-drops dim the crystal walls : 

Kare and more rare expands the fluid thin, 

And silence dwells with vacancy within. 

The last line alludes to a fact hereafter to be explained; 
namely, that where there is no air, there can be no sound. 

Ch. You have not told us the use of the smaller receiver, w, 
with the bottle of quicksilver within it. 

Fa. By means of the concealed pipe there is a communi- 
cation between this and the larger receiver; and the whole is 
intended to show to what degree the air in the large receiver 
is exhausted. It is called the small barometer gauge, the 
meaning of which you will better understand 
when the structure of the barometer is ex- 
plained. — I will now show you an experi- 
ment or two, by which the resistance of the 
air is clearly demonstrated. 

Em. Are these little mills for the pui’pose? 

Fa. Yes, they are: the machine consists 
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of two sets of vanes, a and b, made equally heavy, and to 
move on their axes with the same freedom. 

Ch. But the vanes of a are placed edgeways, and those of 
h are breadthways. 

Fa, They are so placed in order to exhibit in a striking 
manner the resistance of the atmosphere; for, as the little 
mill a turns, it is resisted only in a small degree, and 
will go round a much longer time than the other, which, in 
its revolutions, meets the air with its whole surface. By 
means of the spring c resting against the slider in each mill, 
the vanes are kept fixed. 

Em, Shall I push down the sliders? 

Fa, Do so. You see that both set off with equal velocity. 

Ch, The mill b is evidently declining in swiftness, while 
the other goes on as quick as ever. 

Fa. Not quite so: for in a few minutes you will find them 
both at rest. 

Now we will place them under the receiver of the air- 
pump, and, by a little contrivance, we shall be able to set the 
mills at work after the air is exhausted from the receiver; 
and then, as there is no sensible resistance against them, they 
will both move round a considerable time longer than tliey 
did in the open air; and the instant that one stops, the other 
will stop also. 

Em. This experiment clearly shows the resisting po^ver of 
the air. 

Fa. It shows also that its resistance is in proportion to the 
surface opposed to it: for the vane which met and divided the 
air by the edge only, continued to move the longest while 
they were both exposed to it; but when that was removed, 
they both stop together; because there is nothing now to re- 
tard their motion but the friction on the pivots, which is the 
same in both cases. — Take this guinea and a feather, and let 
them both drop from your hand at the same instant. 

Ch. The guinea is soon at rest at my feet; but the feather 
continues floating about. Is the feather specifically lighter 
than air? 

Fa, No; for if it were, it would continue to ascend till it 
found the air no heavier than itself ; whereas, in a minute oi 
two, you will see the feather on the floor as well as the guinea 
it is, however, so light, and presents so large a surface to tin 
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air, in comparison with its weight, that it is much longer in 
falling to the ground than heavier bodies, such as a guinea. 
Take away the resisting medium, and they will both reach 
the bottom at once. 

Enu How will you do that? 

Fa. Upon this brass flap I place the guinea and 
the feather; and having turned up the flap, and shut 
it into a small notch, I fix the whole on a tall re- 
ceiver, with a piece of wet leather between the re- 
ceiver and the brass. I will now exhaust the air 
from under the receiver by placing it over the air- 
pump, and if I turn the w'ire f a little, the flap will 
slip down, and both the guinea and the feather will 
fall with equal velocities: 

In perfect void Fig. 3. 

All substances with like velocity 

Descend ; nor the soft down outstrips the gold. — Eudosia. 

Ch. They are both at the bottom ; but I did not see them fiill. 

Fa. While I repeat the experiment, you must look steadily 
at the bottom ; because the distance is too small for you to be 
able to trace their motion: but by keeping your eye at the 
bottom, you will see the feather and the guinea fall down at 
the same instant. 

In this glass tube is some water; but the air is 
taken away, and the glass completely closed. Turn it 
up quickly, so that the water may fall on the other 
end. 

Em. It makes a noise like the stroke of a hammer. 

Fa. And for that reason it is usually called the 
philosophical hammer. The noise is occasioned from 
want of air to break the fall: for if I take another 
glass in all respects like it, but having air enclosed in pig. 4. 
it as well as water, you may turn it as often as you 
please with scarcely any noise. 

Suppose you were to put a shrivelled apple into the re- 
ceiver, you would find, by exhausting the air, the pressure 
would be taken from it, and it would become as plump as if 
fresh gathered from the expansion of the air within it; let the 
air in again, and the apple would become as shrivelled as 
before. All this proves the elasticity and compressibility of 
the ah'. 
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Em, But is not this rise of the quicksilver in the tube 
owing to the suction of the syringe? 

Fa, To prove to you that it is not, I place the whole ap- 
paratus over the air-pump, and exhaust the air out of the re- 
ceiver A B. This operation, you must be sensible, has not the 
smallest effect on the air in the syringe and little tube; but 
you nevertheless observe that the mercury has again fallen 
into the cup n: and the syringe might now be worked for 
ever without raising the mercury in the tube; but admit the 
air into the receiver, and its action upon the surface of tlie 
quicksilver in the cup will force it instantly into the tube. 

This is called the Torricellian experiment, or Torricellian 
vacuum, in honour of Torricelli, a learned Italian, and a 
disciple of Galileo, who invented it, and who was the first 
person that discovered the pressure and weight of the air, and 
introduced the barometer, which we shall by and bye describe. 

QUESTIONS FOR EXAMINATION. 

How is the air wholly excluded from of a syringre? — How is it proved that 
a vessel, as a glass tube? — What is the the syringe does not act by means of 
pressure of a column of quicksilver suction ? — Who discovered the weight 
alK)ut 29 or 30 inches long equal to ? — and pressure of the air ? 

Can you explain the structure and uses 


CONVERSATION IV. 

OF THE PRESSURE OP. THE AIR. 

Charles, It seems very surprising that the air, which is 
invisible, should produce such effects as you have described. 

Fa, If you are not satisfied with the evidence which your 
eyes are capable of affording, you would perhaps have no ob- 
jection to the information which your feelings may convey to 
your mind. Place this little glass, ab, open at 
both ends, over the hole of the pump-plate, and lay 
your hand close upon the top b, while I turn the 
handle of the pump a few times. 

Ch. It hurts me very much! I cannot take my 
hand away. ^ 

Fa, By letting in the air, I release you. The 
pain was occasioned by the pressure of the air on the outside 
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Fig. 7. 





Fig. 8. 


of your hand; that being taken away from under it, which 
served to counterbalance its weight. 

This is a larger glass of the same kind: over the 
large end I tie a piece of wet bladder very tight, 
place it on the pump, and take the air from under it. 

Em. Is it the weight of air that bends the bladder 
so much? 

Fa. Certainly: and by turning the handle a few more times 
I shall burst it, as you see. 

Ch. It has made a report as loud as a gun. 

Fa. A piece of thin flat glass may be broken in 
the same manner. — Here is a glass bubble a with 
a long neck, which I put into a cup of water b, 
and place tluim under a receiver on the plate of 
the air-pump: by turning the handle, the air is 
not only taken from the receiver, but that in the 
hollow glass ball will make its way tlirough the 
water and escape. 

Em. Is it the air which occasions the bubbles at the sur- 
hice of the water? 

Fa. It is. And now th^ bubbling is stopped; and there- 
fore I know that as much of the air is taken away as can be 
got out by means of the pump. The hoUow ball is still 
empty: but by turning the cock v of the pump (fig. 1) the air 
rushes into the receiver and presses upon the water; thus 
filling the ball with the fluid. 

Ch. It is not quite lull. 

Fa. That is because the air could not be perfectly exhausted, 
and the little b»*bble of air at the top is what, in its expanded 
state, filled the whole glass ball, and now by the pressure of 
the external air is reduced to its present size. 

Another very simple experiment will convince 
you that suction has nothing to do with these 
experiments. On the leather of the air-pump, 
at a little distance from the hole, I place lightly 
this small receiver x, and pour a spoonful or 
two of water round the edge of it. I now 
cover it with a larger receiver, a b, and exhaust 
the air. 

Em. I see by the bubbles round the edge of the small re- 
ceiver that the air is making its way from under it. 
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Fa. I have pretty well exhausted all the air. Now can 
you move the large receiver? 

CA. No: but by shaking the pump, I see the little one is 
loose. 

Fa. The large one is rendered immovable by the pressure 
of the external air. But the air being taken from the inside 
of both glasses, there is nothing to fasten down the smaller 
receiver. 

Em. But if suction had anything to do with this, the little 
receiver would be as firm as the other. 

Fa. Turn the cock, v, of the air-pump quickly. Do you 
not hear the air rushing in with violence? 

Ck. Y es, Papa; and the large receiver is loosened again. 

Fa. Now take away the smaller one, Emma. 

Em. I cannot move it, even w’ith all my strength. 

Fa. Nor could you lift it up if you were a hundred times 
stronger than you are: for, by admitting tlie air very speedily 
into the hirge receiver, it pressed down the smaller one before 
any air could get underneath it. 

Ch. Besides, I imagine you put the water round the edge 
of the glass to prevent the air from rushing between it and the 
leather. 

Fa. You are right; for air, being the lighter fluid, could 
not descend through the layer of water in order to ascend into 
the receiver. — Could suction produce the effect in this ex- 
periment? 

Ch. I think not; because the little receiver was not fixed 
till after what might be called suction had ceased to act. 

Fa. You are right: and to impress this fact strongly on 
your mind, I will repeat the experiment. You observe that 
the air being taken from under both receivers, the large one 
must be fixed by the pressure of the atmosphere, and the 
smaller one must be loose; because there is no pressiu*e on its 
outside, to fasten it. But by admitting the air, the inner one 
becomes fixed by the very means that the outer one is 
loosened. 

Em. How will you get the small one away? 

Fa. As I cannot raise it, I must slide it over the hole in 
the brass plate; and when the air gets under it, there is not 
the smallest difficulty. 
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QUESTIONS FOR EXAMINATION 


Explain the experiment illustrated 
by flg. 6. — What effect does the pres- 
sure of the air occasion in this instance ? 
— How is the pressure explained by the 
experiments with fig. 7 ? — Can you de- 
scribe the experiment shown by fig. 8 ? 
Why is there a bubble left at the top of 


the glass ? — What docs the experiment 
exhibited by fig. 9 prove ? — Why can 
you not move the small glass ? — Why 

could not suction produce the effect ? 

How will you loosen and get away the 
small glass that you cannot lift up? 


CONVERSATION V. 

OF THE PRESSURE OF THE AIR. 

Charles. Although suction has nothing in common with 
the experiments which you made yesterday, yet I think I can 
show you one instance in which they are connected. This 
experiment (if such it may be called,) I have made a hundred 
times. I fiisten a string in the centre of a round piece of lea- 
ther, which I thoroughly soak in water. I then press it with 
my foot on a flat stone; by which process it is attached so 
firmly to the stone, that I can it lift up, although the leather 
be not more than two or three inches in diameter, and the 
stone weigh several pounds. Surely this is suction. 

Fa. I should say so too, if I could not account for it by 
the pressure of the atmosphere. By treading down the wet 
leather on the stone, you displace the air from between them; 
then, by pulling the string, a vacuum is left at the centre, and 
the pressure of the air about the edges of the leather is so 
great, that it requires a greater pow^ than the weight of the 
stone to separate them. 

I have seen you drink water from a spring by means of a 
hollow straw, 

Em. Yes, that is another instance of what we hsLxe been 
accustomed to call suction. 

Fa. But now you know that in this operation you make a 
syringe with the straw and your lips, and by drawing in your 
breath, you cause a vacuum in the hollow straw tube; and the 
pressure of the air on the water in the spring forces it up, 
through the straw, into the mouth. 

Ch, I cannot, however, help thinking that this looks like 
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suction; for the moment I cease drawing my breath, the 
water ceases to rise in my mouth. 

Fa, That is, when there is no longer a vacuum in the straw, 
the pressure within is just equal to that without, and conse- 
quently the water will rest at its natural level. Upon a 
similar principle, we can explain the instinctiveness of the bee, 
which, to procure the sweet juices that are beyond its reach 
from deep trumpet- shaped flowers, as the honeysuckle, &c., 
closes up the orifice with his body, and slowly sucks out the air, 
consequently the sides collapse, as it were, by the greater ex- 
ternal pressure of the air, and the juices are squeezed upward 
within the reach of the clever little insect. Like tlie sucker you 
have adverted to, may be explained the close adhesion of the 
little limpets to the rocks which you have so often noticed ; as 
well as the apparent difliculty, or rather phenomenon, of flies 
and other insects walking on glass window panes, on the 
sides of walls, on ceilings, and on other perpendicular surfaces. 
Their diminutive feet are supplied by Nature with flat folds of 
skin which they apply so closely to the surface to be walked 
on, as to squeeze out the air, and produce a vacuum between 
their feet and the trodden surface. In consequence of this, 
the air presses their feet with suflicient force to hold them on 
the wall, or window glass, or wherever they may alight. If 
our feet possessed this apparatus, we could walk on the sides 
of walls and on ceilings with our heads downwards, for the 
air would press on our feet in the proportion of fifteen pounds 
to every square inch, which w ould be equal to a force of more 
than two hundred-weight, but whether this would be an 
advantage to us I leave you to guess. 

I will show you another striking instance of the effects of 


atmospheric pressure. This instrument 
is called the transferrer. The screw c 
fits on to the plate of the air-pump, and / 
by means of the stop- cocks, g and h, I 
can take away the air from both, or c l 
either of the receivers, i, k, at pleasure. ^ 
£m. Is there a channel, then, run- 
ning from c through D, a, b, and thence 
passing to x and y f 




& 

Fig. 10. 


Fa, Tliere is. I will screw the whole on the air-pump^ 


and tarn the cock g, so that there is now no communication 
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from c to the internal part of the receiver i. At present you 
observe that both the receivers are perfectly free. By turning 
the handle of the pump a few times, the air is taken away 
from tlie receiver k, and to prevent its re-entrance, I turn 
the stop-cock d. Try if you can move it. 

C/i, I cannot: but the other is loose. 

Fa. The pressure of the atmosphere is evidently the same 
on the two receivers; but with regard to i, the pressure within 
is equal to that without, and the glass is free: in the other, the 
pressure from within is taken away, and the glass is fixed. 
In this stage of the experiment you are satisfied that there is 
a vacuum in the receiver k. By turning the cock g, I open 
a communication between the two receivers, and you hear 
the air that was in i rush through the channel a b into K. 
Now try to move the glasses. 

Em. They are both fixed. How is this? 

Fa. The air that was enclosed in the glass i is equally 
diffused between the two; consequently, the internal pressure 
of neither is equal to the external, and therefore they are both 
fixed by the excess of the external pressure over the internal. 
In this case, it could not be suction that fixed the glass i; for 
it was free long after what might have been thought suction 
had ceased to act. 

Ch. What are these brass cups? 

Fa. They are called the hemispherical cups. I 
will bring the two, b, a, together, with a wet leather 
between them, and then screw them by d to the plate 
of the air-pump: and having exhausted the air from 
the inside, I turn the stop-cock e, take them from 
the pump, and screw on the handle f. See if both § 
of you together can separate them. 

Em. We cannot stir them. 

Fa. If the diameter of these cups were four 
inches, the pressure to be overcome would be 
equal to 180 lbs. I will now hang them up in 
the receiver, and exhaust the air in it. You 
see they separate without the application of 
any force. 

Ch. Now there is no pressure on the outside; 
and therefore the lower cup falls off by its own 
gravity. Fig* i*. 
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Fa» With this steelyard you may try 
very accurately what weight the pres- 
sure of the atmosphere against the cups 
is equal to.* 

Em. For, when the weight, w, is car- 
ried far enough to overcome the pressure 
of the cups, it lifts up the top one. 

Fa. I have exhausted the air of this 
receiver, h; consequently, it is fixed down to the 
brass plate i : to the plate is joined a small tube with 
a stop-cock, X; by placing the lower end of the tube 
ill a basin of water, and turning the cock, the pres- 
sure of the atmosphere on the water in the basin forces 
it through the tube in the form of a fountain. This 
is called the fountain in vacuo. 

To this little square bottle, a, (fig. 15) is cemented 
a screw -valve, by which I can fix it on the plate of the 
air-pump, and exhaust the air from it: and you will _ 
see that when there is no power witliin to support 
the pressure of the atmosphere from with- 
out, it will be broken into a thousand 
pieces. 

Ch. Why did you not use a round phial? 

Fa. Because one of that shape would 
have sustained the pressure like an arch. 

Em. Is that the reason why the glass 
receivers are able to bear so great a weight without breaking? 

Fa. It is. If mercury be poured into a wooden 
cup, c, made of willow, and the air taken from under 
it, the mercury wull, by the weight of the external air, 
be forced through the pores of the wood, and descend 
like a sho\ver of rain. 

The principle of the vacuum is now, in many cases, 
employed in railroad travelling for propelling car- 
riages from one place to another. A hollow tube of cast- 
iron, made air-tight, extends the whole distance, and to this 
is fitted a piston connected at one end by a shank to a car- 
riage above; when the tube, by a powerful steam engine, is 
exhausted of its air, the piston is released, and by the action 

• The principle of the steelyard is explained in Conversation XV, of 
Mechanics. 
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of the external air to fill the vacuum, it is forced with great 
velocity, and with the carriage attached, to its destination. 

Its application to locomotive travelling is still in its infancy, 
and many experiments are still in operation to test its power 
and efficiency. 

QUESTIONS FOR EXAMINATION. 

Explain the action of the leather \ transferrer. Do the same with the 
and stone. Is it not by means of sue- j brass hemispheres. What is fig. 15 
tion that children sometimes draw 1 meant to show ? — How is mercury 
water through a straw from a spring^ — | made to pass tlirough a piece of wood? 
Explain the experiment made with the | 

CONVERSATION VI. 

OF THE WEIGHT OF AIR, 

Emma, We have seen the surprising effects of atmospheric 
pressure. Are there any means of obtaining the exact weight 
of the air? 

Fa, If you do not require any very great nicety, the me- 
liod is very simple. 

This Florence flask is fitted up with a screw, 
and a fine oiled-silk, or India-rubber valve at 
D. I will now screw the flask on the plate of 
the air-pump, and exiiaust the air. You see 
that, in its present exhausted state, it weighs 
3 ounces and 5 grains. 

Ch, Cannot the air get through the silk? 

Fa, The silk, being varnished with a kind of oily substance, 
is impervious to air; and when the flask is exhausted by the 
air-pump, the pressure upon the outside effectually prevents 
the entrance of the air at the edges of the silk: but if I lift 
it up a little by means of this needle, you will distinctly hear 
the air rush in. 

Em, Is that hissing noise occasioned by the re-entrance of 
the air? 

Fa, It is: and when that ceases, you may be sure the air 
within the bottle is of the same density as that without. 

Ch, Therefore, if I weigh it again, the difference between 
the weight nowand when you tried it before is the weight of the 
quantity of air contained in the bottle. It weighs very accurately 
3 ounces 19^ grains; consequently the air weighs 14^ grains, 

X 



Fig. 17. 
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Fa, And the flask holds a quart, wine measure. 

Em, Does a quart of air always weigh grains? 

Fa, The weight of the air is perpetually changing : therefore, 
though a quart of it weighs to-day 14| grains, the same quan- 
tity may, in a few hours, weigh 14^ grains, or perhaps only 
14 grains, or more, or less. The air is much heavier this 
morning than it was at the same time yesterday. 

Ch, How do you know that? Did you weigh some 
yesterday? 

Fa, No: hut the rising and falling of the quicksilver in the 
barometer, (an instrument which I shall hereafter very par- 
ticularly describe,) are sure guides to ascertain the real weight 
of the air; and it stands full three-tenths of an inch higher 
now than it did yesterday. 

Em, Will you explain how we may judge of the diflereiit 
weights of the air by the barometer? 

Fa. This subject may, perhaps, be better discussed when 
we come to treat explicitly on that instrument; but I will 
now answer your inquiry, although I should be in some danger 
of a repetition on a future day. 

The mercury in a well-made bai*ometer will always subside 
till the w-eight of the column be exactly equivalent to the 
■weight of the external air upon the surface of the mercury in 
th(i basin ; consequently, the height of the mercury is a sure 
criterion by which that weight is to be estimated. — Suppose, 
for example, th(* barometer stands at 29^ inches, or, as it is 
usually expressed, at 29*5, and I And a quart of air at that 
time ■weighs 14^ grains : we here have a standard by which 
I may ever after compare the gravity of the atmosphere. If 
^-morrow I find that the quicksilver has fallen to 29*8, I 
ehall know that the air is not so heavy as it was ; because, in 
this case, a column of quicksilver, 29*8 inches, balances the 
whole weight; whereas it before required a column equal to 
29*0. If, on the contrary, when I look again, the mercury 
has risen to 80*6, as it really stands at this liour, I am sure 
tlie atmosphere is considerably heavier than it ■was before, 
and that a quart of it will weigh much more than 14^ grains. 

Ch. You intimated that, in weighing air, the flask could not 
be depended upon if great nicety were required. What is the 
reason of that? 

Fa, 1 told you, when explaining the operations of the air- 
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pump, that it was impossible to obtain by means of that ma- 
chine a perfect vacuum. The want of accuracy in the flask 
ex^periment arises from the small quantity of air that is left in 
the vessel after the exhaustion is carried as far as it will go; 
this, however, if the pump be good, will, after 12 turns of the 
handle, be less than the 4000th part of the whole quantity. 

Em, How do you know this? 

Fa. You seem unwilling to take anything upon my word: 
and in subjects of this kind you do right never to rest satisfied 
without a reason for what is asserted. 

Suppose, then, each of the barrels of the air-pump equal in 
capacity to the flask; that is, each will contain a quart, then it 
is evident that, by turning the handle of the pump, I exhaust 
all the air of one barrel, and the air in the flask becomes at the 
same time equally diffused between the barrel and the flask ; 
that is, the quart is now divided into tw^o equal parts, one 
of which is in the flask, and the other in the barrel. For the 
same reason, at the next turn of the handle, the pint in the 
flask will be reduced to half* a pint; and so it will go on 
decreasing, by taking away, at every turn, one half of the 
quantity left by the last turn. 

Ch. Do you mean, then, that, after the first turn of the 
handle, the air in the bottle is twice as rare as it was at first; 
and after the second, third, and fourth turns, it is four times, 
eight times, and sixteen times as rare as it was when you 
began? 

Fa, That is what I meant. Carry on your multiplication, 
and you will find that, after the tw^elfth turn, it is 4096 times 
rarer than it was at first. 

Em. I now understand that, though absolute exactness be 
not attainable, yet, in w eighing this quart of air, the error is 
only equal to the 4096th part of the w^hole; which quantity 
may, in reasoning on the subject, be disregarded. 

Fa. I wdll again exhaust the flask of its air, and, putting 
the neck of it under water, I will lift up the silk valve, and 
fill it wdth w\ater. Now dry the outside very thorouglJy, and 
weigh it. 

Ch. It weighs 27 ounces. 

Fa. Subtract the weight of the flask, reduce the remainder 
into grains, and divide by 14^|, and you will obtain the specific 
gravity of water, compared with that of air. 

X 2 
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Ch. I have done it; and tbe water is somewhat more than 
800 times heavier than air. 

Fa, As, therefore, the specific gravity of water is always put 
at 1, that of air must be as -g^th, at least according to this cal- 
culation; but, following the more accurate experiments of Mr. 
Cavendish and others, whose authority may be safely appealed 
to, the specific gravity of air is 816 times less than that oi 
water; for lOQO cubic inches at a mean temperature and pres- 
sure have been found to weigh about 305 grains. The mean 
height of the barometer at the level of the sea is about 28*6 
inches; and a cubic inch of mercury weighs 3425*92 grains; 
therefore a column of mercury whose base is a square inch, 
and height the mean height of the barometer, viz. 28*6 
inches, weighs 0*48956 multiplied by 28*6, or 14*6 pounds, 
which is consequently the pressure of the air on every square 
inch at the surface of the earth. From this we may judge 
how great a pressure of the air a man sustains, if he has a 
surface of 15 square feet over his whole body, which is 2160 
square inches ; the pressure, therefore, is 31*536 pounds, and 
had he not a counteracting support in the interior of his 
body, the consequences would be alarming. 

QUESTIONS FOB EXAMINATION. 

How is the weight of the air ascer- — To how great a degree of exactness 
tained ? — The air in passing through can a vessel be exhausted of air by 
8 small orifice into a vacuum makes a means of the air-pump? — How is that 
hissing noise : when the noise ceases, ascertained ? — By how many turns of 
what does it prove? — How much does the handle of the air-pump will this 
a quart of air weigh ? — How ia the accuracy be obtained ? — WTiat is the 
weight of the air estimated ? — How | specific gravity of air compared with 
does the barometer show the weight of | that of water ? — Is that always the 
the air? — Upon what does the inac- j weight? 
curacy in the flask experiment depend? 


CONVERSATION VII. 

OP THE ELASTICITY OF AIR. 

Father. I have told you that air is an elastic fiuid. Now, 
it is the nature of all elastic bodies to yield to pressure, and 
to endeavour to regain their former figure as soon as the 
pressure is taken ofi. In projecting an an*ow from your bow. 
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you exert your strengtli to bring tbe two ends nearer together; 
but the moment you let go the string, it recovers its former 
f hape. The power by which this is effected is called elasticity, 

Em, Is it not by this power that India-rubber, after it has 
been stretched, recovers its usual size and form 

Fa, It is: and almost everything that you make use of 
possesses this property in a greater or smaller degree. Balls, 
marbles, the cords of musical instruments, are all elastic. 

Ch, I understand how all these things are elastic; but I do 
not see in what manner you can prove the elasticity of the 
air.* 

Fa, Here is a bladder, which we fill with air, and tie up 
the mouth, to prevent its escaping. If you now press upon 
it with your hand, its figure will be changed; but the moment 
the pressure is removed, it recovers its round shape. 

Em, And if I throw it on the ground, or against any other 
obstacle, it rebounds, like balls or marbles. 

Fa, You are satisfied also, I presume, that it is the air that 
is the cause of it, and not the bladder that contains it. 

Let us have recourse to the air-pump, to exhibit some of the 
more striking effects of the elasticity of the air. I will let a 
part of the air out of the bladder, and tie up the mouth again. 
The pressure of the external air renders it flaccid, and you 
may make what impression you please upon it, without its 
endeavouring to re-assume its former figure. 

Em, What proof is there that this is owing to the ex- 
ternal pressure of the air? 

Fa, Such as will satisfy you both, I am sure. Place it 
under the receiver of the air-pump, exhaust the air, and see 
the consequences. 

Ch, It begins to swell out; — and now it has become as large 
as when it was blown out full of air. 

Fa. The outward pressure being in part removed, the par- 
ticles of air, by their elasticity, distend, and fill up the bladder; 
and if it were much larger, and the exhaustion were carried 
farther, the same small quantity of air would fill it completely. 
I will now let the air in again. 

Em, This exhibits a very striking proof of the power and 
pressure of the external air; for the bladder is as flaccid as it 
was before 

• See Conversation XIII. Of Mechanics. 
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Fa, I put the same bladder into this square box, without 
any alteration, and lay upon it a moveable lid, upon which I 
place this weight. By bringing the whole under a receiver, 
and exhausting the external air, the elasticity of that in the 
bladder will lift up the lid and weight together. 

Ch, If you pump much more, the weight will fall against 
the side of the glass. 

Fa, I do not mean to risk that: — it is sufficient for j^ou to 
see that a few grains of air, not even half a dozim, will, by their 
elasticity, raise and sustain a weight of several pounds. 

Take this glass bubble (fig. 8); the bore of the tube is too 
small for the water to run out; but if I place it under the 
receiver of the air-pump, and take away the external air, the 
little quantity of air wliich is at the top of the glass will, by 
its elastic force, expand itself, and drive out all the water. 

Em, This experiment shows that a very small quantity of 
air is capable of filling a large space, provided the external 
pressure be taken off. 

Fa, I will take off the bladder from this glass. (See Hy- 
drostatics, fig. 18.) The little images all swim at the top; the 
air contained in them rendering them rather lighter than the 
water. Tic small leaden weights to their feet: these pull them 
down to tlie bottom of the vessel. I now place the glass under 
the receiver of the air-pump, and, by exhausting the air from the 
vessel, that which is within the images, by its elasticity expands 
itself, and forces out more water. You see them now ascend- 
ing to the top, dragging the weights after them. I wdll let 
in the air, and the pressure forces the water into the images 
again, and they descend. 

Here is an apple, as I have before remarked to you, very 
much shrivelled, which, when placed under the receiver, and 
the external air withdrawn, will appear as plump as if it 
were newly gathered from the tree. 

Em, Indeed it now looks so inviting, that I am ready to 
wish it were my own. 

Fa, Before, however, you can get it, all its beauty will fade. 
I \vill admit the air again. 

Ch. It is as shrivelled as ever. Do apples contain air? 

Fa. Yes, a great deal; and so, in fact, do almost all bodies 
that are specifically lighter than water, as well as many that 
are not so. It was the elastic power of the air within the 
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apple that forced out all the shrivelled parts when the ex- 
ternal pressure was taken away. 

Here is a small glass of warm ale, from which I am going 
to take away the air. 

Em, It seems to boil, now you exhaust the air from the 
receiver. 

Fa, The bubbling is caused by the air endeavouring to 
escape from the liquor. Let the air in again, and then taste 
the beer. 

Ch, It is flat and dead. 

Fa, You see of what importance air is to give to all our 
liquors their pleasant and brisk flavour; the same happens to 
wine and other fermented fluids. 

Em, How is it that the air, when it was re-admitted, did 
not enter the ale again? 

Fa, It could not insinuate itself into the pores of the beer, 
because it is the lighter body, and therefore will not descend 
through the heavier. Besides, it does not follow that it is 
the same sort of air which I admitted into the receiver that 
was taken from tlie ale. 

Em. Arc there more kinds of air than one? 

Fa, Yes, very many; as we shall show you in our conver- 
sations on Cliemistry. That which I took from the beer, and 
wliich gives it the brisk and pungent taste, is called fixed aivy 
or carbonic acid gas, of wliich there is, as I have before 
observed, but a very small quantity pervading the atmosphere. 

Ch. I have so often heard of carbonic acid gas, that I should 
have thought it had been very general in the atmosphere. 

Fa, I will tell you that this gas is produced whenever 
carbon, which in its pure state appears in the shape of the 
diamond and of charcoal, is burned in oxygen gas. A veiy 
familiar instance occurs in the burning of a candle, where the 
black wick represents the carbon, and which, when in con- 
tact with the oxygen of the air, supports combustion, gives 
light, and generates carbonic acid gas: the portion of the wick 
not within the reach of the oxygen of the air remains un con- 
sumed, and is obliged to be snuffed off: Trhereas, if it had been 
open to the air, as is effected by Palmer’s patent candles, no 
snufiing would have been required, and the whole would have 
been consumed. 

Ch, How is this effected by Palmer’s patent candles? 
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Fa, There is a small wire twisted in the wick, which you 
have observed to be double, the action of tlie heat makes each 
portion bend outward into the air, where it receives in conse- 
quence the necessary supply of oxygen to consume it. The 
presence of carbonic acid produces the effervescing quality 
observable in certain waters; it is contained in marble, chalk, 
and all lime-stone ; it makes lime water turbid ; is evolved also 
in fermentation, and during the respiration of animals; and 
also extinguishes flame, and suffocates animals, whence miners 
give it the name of choke-damp. 

But to return to our subject: the elasticity, or spring of air, 
contained in our flesh, was clearly shown by experiment when 
I pumped the air from under your hand. 

Ch. Was that the cause of its swelling dowmvard? 

Fa, It was ; and it will account for the pain you felt, which 
was greater, and of a very different kind from that which you 
would have experienced by a dead Vv^eight being laid on the 
back of the hand, equal to the pressure of the air. 

Cupping is an operation performed on this principle. Some 
operators %vill tell you that they draw up the flesh; but if they 
were to speak correctly, they would say they took away a great 
portion of the extern^ air by dilatation from tliat part of the 
body enclosed under the glass, and then the elastic force o. 
the air within extended and puffed out the flesh in readiness 
for their lancets. 

Em, When I saw you cupped, he did not use an air-pump, 
but little glasses, to raise the flesh. 

Fa. Glasses closed at the top are now generally employed, 
in which tlie operator holds the flame of a spirit-lamp: by the 
heat of this the elasticity of the air in the glass is increased, 
and a great part of it thereby driven out by dilatation. In 
this state the glass is put on the part to be cupped; and* as 
the inward air cools, it contracts, and the glass adlieres to the 
flesh by the difference of the pressure of the internal and 
external air: immediately upon this a number of small lancets 
are suddenly propelled by a spring into the swollen flesh, and 
the blood flows from the wounds to the extent required: the 
instrument containing the lancets is called the scarificator^ 
and the term cupping is used, because glass cups are em- 
ployed in the operation. If properly performed, it is by no 
means painful. 
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By some persons, however, the syringe is considered as 
the most effectual method of performing the operation; 
because by flame the air cannot be rarefied more than 
one half; whereas by the syringe, a few strokes will nearly 
exhaust it. 

Here is another little square bottle, like that before men 
tioned (fig. 15), excepting that it is full of air, and the mouth 
sealed so closely that none of it can escape. I enclose it 
within the wire cage b, and in this state bring them under the 
receiver, and exhaust the external air. 

Ch. With what a loud report it has burst! 

Fa, You can easily conceive now in what manner this 
invisible fluid endeavours continually, by its elastic force, to 
dilate itself. 

Em. Why did you place the wire cage over the bottle? 

Fa. To prevent the pieces of the bottle from breaking the 
receiver; an accident that would probably have happened 
witliout this precaution. 

Again, take a new-laid egg, and make a small hole in the 
little end of it; then, witli that end downwards, place it in an 
ale-glass under the receiver, and exhaust the air; the whole 
contents of the egg will be forced out into the glass by the 
elastic spring of the small bubble of air which is always to be 
found in the large end of a new-laid egg. 


QUESTIONS FOR 

What is the nature of elastic bodies? ] 
— How is elasticity defined? — Do ' 
many bodies possess this property? — 
How is the elasticity of the air demon- 
strated? — What will fig, 8 show in 
proof of this? — Explain the experi- 
ment exhibited by fig. 18. Can a 
shrivelled apple be made to look plump 
and fair to the sight, and on what does 
it depend? — Why does ale that is 
merely warm put on the appearance of 
boiling under the exhausted receiver of 
the air-pump? — Ayhat eflTect is pro- 


EXAMINATION. 

duced on beer and other liquids by 
taking from them the air ? — By ad- 
mitting the air again, does it produce 
the same lively taste in the liquids that 
they had before ? and if not, why so? — 
What air is that combined with beer? 
— How do you account for the pain 
felt by exhausting the air from under 
the hand ? — How is cupping performed ? 
— How do the glasses that are used 
in the operation act? — Tell me what 
fig. 15 is meant to show. — What expo- 
! riment issbomiwith a new-laid eggf 
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CONVERSATION VIIL 

OF THE COMPRESSION OF AIR. 

Father, I have already alluded to the compressibility of air, 
which it is proper to describe here, as it is a consequence of its 
elasticity: for, whatever is elastic, is capable of being forced 
into a smaller space. In this respect, air differs very mate- 
rially from other fluids. 

Ch, You told us that water was compressible in a very 
small degree. 

Fa, I did so; but the compression which can be effected with 
the greatest power is so very small, that, without the greatest 
attention and nicety in conducting the experiments, it would 
never have been discovered. Air, however, is capable of being 
compressed into a very small space, compared with what it 
naturally possesses. 

Em, The experiment you made, by plunging an ale-glass 
into water with its mouth downwards, clearly proved that the 
air which it contained was capable of being reduced into a 
smaller space. 

Fa, This bended tube a b c is closed at a and open R® 
at c. It is, in the common state, full of air, I first pour 
into it a little quicksilver, just sufficient to cover the 
bottom a h : now the air in each leg is of the same den- x 
sity ; and as that contained in a b cannot (‘sca}>c, because 
the lighter fluid will be always uppermost, when I pour 
more quicksilver in at r, its weight will condense the 
air in the leg a b ; for the air which filled the whole length of the 
leg is, by the weight of the quicksilver in c b, pressed into the 
smaller space a x \ which space will be diminished as the weight 
is increased: so that, by increasing the length of the column 
of mercury in c b, the air in the other leg will be more and 
more condensed. Hence we learn that the elastic spring of 
air is always, and under all circumstances, equal to the force 
which compresses it. 

Ch, How is that proved? 

Fa, If the spring with which the air endeavours to expand 
itself, when it is compressed, were less than the compressing 
force, it must yield still farther to that force; that is, if the 
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spring of the air in a a; were less than equal to the weight of 
the mercury in the other leg, it. would he forced into a yet 
jriualler space; hut if the spring were greater than the weight 
pressing upon it, it would not have yielded so much; for you 
are well aware that action and re-action are equal, and act in 
opposite directions. 

You can now easily understand why the lower regions of 
the atmosphere are denser than those higher. 

Em, Because they are pressed upon by all the air that is 
above them, and therefore condensed into a smaller space. 

Fa. Consequently the air grows gradually thinner, till, at 
a considerable height, it may be conceived to degenerate to 
nothing. Suppose the perpendicular height of the atmosphere 
to be divided into 100 parts, or strata, each an ounce in weight: 
the lowest part would support the 99 ounces above it, and of 
course be considerably comj^ressed by the weight; the next 
part would have to support less, and so on gradually, till it 
came to the uppermost stratum, which would only have to 
support its own weight of one ounce: from this we can easily 
imagine the different degrees of pi'essure of the atmosphere at 
the level of the sea and on the tops of lof ty mountains, and so in 
the opposite direction, if a pit were dug to an immense depth, 
and by way of argument, say to the extent of thirty miles, the 
density of the air occasioned by the superincumbent pressure 
would approach to that of water; and at 42 miles it would be 
of the same density as quicksilver. These different densities of 
the ail', however, may be familiarly illustrated by conceiving 
twenty or thirty equal packs of wool placed one upon another, 
the lowest will be forced into a less space; that is, its parts 
will be brought nearer together, and it will be more dense 
than the next; and that will be more dense than the third 
from the bottom, and so on till you come to the uppermost, 
which sustains no other pressure than that occasioned by the 
weight of the incumbent air, and would therefore lay loose, 
and light. 

Em, Then I suppose the water at the bottom of the sea 
must be very dense. 

Fa, No; for I have observed to you that water is not an 
elastic fluid, and therefore not compressible into a smaller 
volume ; so that the water at the top of the ocean is of equal 
density with that at the bottom. 
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liCt US now see the effects of condensed air, by means of an 
artificial fountain. This vessel is made of strong copper, and 
is about half full of water. With a syringe that 
screws on to the pipe b a, I force a considerable quan- 
tity of air into the vessel; so that it is very much con- 
densed. By turning the stop-cock b while I take off 
the syringe, no water can escape; and, instead of the 
syringe, I put on a jet, or very small tube; after which 
the stop-cock is turned, and the pressure of tlie con- 
densed air forces the water through the tube to a 
very great height. 

Ch, Do you know how high it ascends? 

Fa, Not exactly: but as the natural pressure of 
the air will raise water 34 feet, so, if hy condensation 
its pressure be tripled, it will rise 68 feet. 

Fjh. Why tripled? Ought it not to rise to this height by 
a double pressure? 

Fa. You forget that there is the common pressure always 
acting against, and preventing, the ascent of the water; there- 
fore, besides a force within to balance that without, there must 
be a double pressure. You must also understand that the density 
of the air diminishes in the duplicate ratio of its altitude; for 
if at a certain height from the surface of the earth its density 
be one half of that which it is at the surface, then at twice the 
height the density will be only one fourth of that which it is 
at the surface. 

Ch. You described a syringe to be like a common water 
squirt. How are you able by an instrument of this kind to 
force in so great a quantity of air? Will it not return by the 
same way it is forced in? 

Fa. The only difference between a condensing syringe and 
a squirt is, that, in the former there is a valve that opens 
downwards, by w^hich air may be forced through it; but the 
instant the downward pressure ceases, the valve, by means 
of a strong spring, shuts closely, so that none can return. 

Fm, Will not air escape during the time you are forcing 
in more of the external air? 

Fa. That would be the case if the syringe-pipe went no 
lower tlian that part of the vessel which contains the air; but 
it reaches to a considerable depth in the water; and as it cannot 
find its way back up the pipe, it must ascend through the 
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water, and cause that pressure upon it which has been de- 
scribed. 

Ch. To what extent can air be compressed? 

Fa, If the apparatus be strong enough, and a sufficient 
power applied, it may be condensed several thousand times; 
that is, a vessel which will contain a gallon of air in its natural 
state may be made to contain several thousand gallons. 

By means of a fountain of this kind, young people, like, 
yourselves, may receive much entertainment with only a few 
additional jets, which are made to screw on and off. One 
kind is so formed that it will throw up and sustain on the 
stream a little cork ball, scattering the water all around. 
Another is made in the form of a globe, pierced with a great 
number of holes, all tending to the centre, exhibiting a very 
pleasing sphere of water. One is contrived to show, in a neat 
manner, the composition and resolution of forces explained in 
Conversation xiir. of Mechanics. Some will form cascades; 
and by others, when the sun shines at a certain height in the 
heavens, you may exhibit Jirtificial rainbows.* 

We will now force in a fresh supply of air, and try some of 
these jets. 

Em, I observed, in the upright jets, that the height to 
which the water was thrown was continually diminishing. 

Fa, The reason is this: in proportion as the quantity 
of water in the fountain is lessened, the air has more room to 
expand, the compression is diminished, and consequently the 
pressure becomes less, till at length it is no greater within 
than it is without, and then the fountain ceases altogether 


QUESTIONS FOR EXAMINATION. 

In what respect does air differ fVom t the water accounted for ? — What is the 
Other fluids? — is air easily compressible? ' construction ofthecondeusinj; syringe? 
—Show me how it is done. — Explain — In what respect does it differ from 
the experiment exhibited by flg. 18. — the common squirt ? — To what extent 
Why are the lower regions of the at- can air be compressed ? — Are there dif- 
nosphere more dense than tliose higher ferent kinds of fountains ? — ATliy do 
up? — How is the density of the air the streams coming from artificial foun- 
illustrated ? — What does the artificial tains continually diminish in height ? 
floimtain prove? — Howls the rise of I 


* This phenomenon we shall describe and explain when we treat of Optics. 
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CONVERSATION IX. 

MISCELLANEOUS EXPERIMENTS ON THE AIR-PUMP. 

Father, To impress what we have been considering more 
strongly in your memories, I shall, to-day, exhibit a few 
experiments, without any regard to the particular subjects 
under which they might be arranged. 

In this jar of -water I plunge some pieces of iron, zinc, stone, 
&c. ; and you will see that when I exhaust the external air, 
by bringing the jar under the receiver of the air-pump, the 
elastic power of the air contained in the pores of tliese solid, 
substances will force them out in a multitude of globules, 
and exhibit a very pleasing spectacle, like the pearly dew- 
drops on the blades of grass 5 but w hen I admit the air, they 
will suddenly disappear. 

Em. This proves -what you told us a day or two ago, that 
substances in general contain a great deal of air. 

Fa. Instead of bodies of this kind, I will plunge in some 
vegetable substances, such as a piece or tWH> of the stem of 
beet-root, angelica, edible rhubarb, &c.; andno-w observe, when 
I have exhausted tne receiver, Tvhat a quantity of air is forced 
out of the little vessels of these plants by means of its elasticity. 

Ch. From this experiment w^e may conclude that air makes 
no small part of all vegetable substances. 

Fa. To this piece of cork, -which of itself w^oiild swim on 
the surface of -water, I have tied some lead, just enough 
to make it sink. By taking off the external pressure, the 
cork will bring the lead up to the surfac(5. 

Em. Is that because, w hen the pressure is taken off, tlic 
substance of the cork expands, and becomes specifically lighter 
than it was before? 

Fa. It is: this experiment may be varied by sinking a 
bladder in water, in which is tied up a very small quantity of 
air, for when the external pressure is nmioved, the elasticity 
of the air within the bladder will expand it, make it specifically 
lighter than water, and bring it to the surface. 

The next experiment shows that tlie ascent of smoke and 
vapours depends on the air. I will bhnv out this candle, and 
put it undei’ the receiver; the smoke now rises to the top; but 
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as soon as the air is exhausted to a certain degree, the smoke 
descends, like all other heavy bodies. 

Ch. Do smoke and vapours rise because they are lighter 
than the surrounding air? 

Fa. Yes; sometimes you see smoke from a chimney rise 
very perpendicularly in a long column; the air then is very 
heavy; at other times you may see it descend, which is a proof 
that the density of the atmosphere is very much diminished, 
and is, in fact, less than that of the smoke. And at all times 
the smoke can ascend no higher than where it meets with air 
of a density equal to itself; and there it will spread about 
like a cloud. 

Em. AVhat is smoke, Papa? 

Fa. Properly speaking, smoke is nothing more than the 
unconsumed and very minute particles of fuel, which are car- 
ried up by the warm and rarefied air, which is so much lighter 
than the atmosphere ; but when these are cooled and condensed, 
they descend again, and often assume the appearance of small 
black flakes. 


This figure is usually called the lungs glass. 
A hi odder is tied close about the little pipe a, 
which is screwed into the bottle a. I introduce 
it under the receiver a b, and begin to exhaust 
the air of the receiver, and that in the bladder, 
communicating with it, will also be withdrawn ; 
the elastic force of tlje air in the bottle a will 
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now press the bladder into the shrivelled state represented in 
the figure. T w ill admit the air, which expands the bladder; 
and thus by alternately exhausting and re-admitting the air, 
I show the action of the lungs in breathing. But perhaps the 
following experiment wdll give a better idea of the subject. 


a re])resents the lungs, B the wdndpipe 
heading to them, which is closely fixed 
in the neck of the bottle from which 
the air cannot escape; d is a bladder 
tied to the bottom, and in its disten- 
ded state (fig. 21) will, with the 
internal cavity of the bottle, represent 




that cavity of the body which sur- Fig* 21 . Fig. ss. 
rounds the lungs at the moment you have taken in breath: I 
force up D as in fig. 22, and now the bladder is shrivelled 
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by the pressure of the external air in the bottle, and represents 
the lungs just at the moment of expiration. 

Em. Does fig. 21 show the state of the lungs after I have 
drawn in my breath, and fig. 22 when I have thrown it out 
forcibly? 

Fa, That is what the figures are intended to represent; 
and they are well adapted to show the elevation and com- 
pression of the lungs, although I do not mean to assert that 
the action of the lungs in breathing depends upon air in the 
same manner as that in the bladder does upon the air which 
is contained in the cavity of the bottle. 

Ch, For what purpose, Papa, is the air taken into the 
lungs? 

Fa, The object of taking air into the lungs, called respiration, 
is. to aerate tlie blood, that is, make some interchange of ingre- 
dients between that fluid and the air; and without which the 
functions of the brain would cease, and animal life be destroyed. 
It has been found that the lungs decompose tlie air into its 
elemental principles, or constituent gases, and while retaining 
the oxygen for the aeration of the blood and support of life, 
it rejects the nitrogen, and expels also with it a considerable 
portion of carbonic acid gas and aqueous vapour. From this 
fact, it may be understood wdiy crowded rooms, where the 
oxygen has been inspired, and so much carbonic acid expired, 
and the air, thus deteriorated, and breathed again and again, 
are so unhealthy and oppressive, often causing intense head- 
ache, and considerable languor. It is the oxygen of the air 
that gives the red colour to the blood. 

But to proceed; I have exactly balanced on this scale-beam 
a piece of lead and a piece of cork: in this state I wdll intro- 
duce them under the receiver, and exhaust the air. 

(Jh, The cork now seems to be heavier than the lead. 

Fa, In air, each body lost a weight proportional to its hulk ; 
but when the air is taken away, the weight lost will be 
restored: but as the lead lost least, it will now retrieve the 
least, consequently the cork will preponderate with the dif- 
ference of the weights restored by taking away the air. 

Thus you see that, in a vacuum, a pound of corky or feathers^ 
would be heavier than a pound of lead. 
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QUESTIONS FOR EXAMINATION. 


ITow a6 it proved that various sub- 
stances. as metals, stones, &c., contain 
air? — Show the same of vegetables. — 
Whnt is inferred from this experiment? 
— What is the explanation of the ex- 
periment with cork? — Can the same 
be shown by a bladder ? — Upon what 
does the ascent of smoke and vapours 
depend? — Why does the smoke of a 


chimney sometimes rise very high and 

in a perpendicular direction ? What 

is fig. 20 intended to show ? — Explain 
the same by means of figs. 2 1 and 22. — 
What is the experiment of lead and 
cork intended to prove ? — How is this 
explained ? — In what state is a pound 
of feathers heavier than a pound of 
lead? 


CONVERSATION X. 

OF THE AIR-GUN AND SOUND. 

Father, The air-gun is an instrument, the effects of which 
depend on the elasticity and compression of air. 

Em, Is it used for the same purposes as common guns? 

Fa, Ai]*-gun.s will answer all the purpo.scs of a musket or 
fowling-piece: bullets discharged from them will kill animals 
at the distance of 50 or 60 yards. They make no report; and, 
on account of the great mischief they are capable of doing, 
without much chance of disco\ery, they are often the instru- 
ment of the assassin, and arc therefore deemed illegal, and are, 
or ought to be, found nowdiere but among the apparatus of 
the experimental philosopher. 

Ch, Can you show’ us the construction of an air-gun? 

Fa, It w’as formerly a very complex machine, but now its 
construction is very simple; this is one of the most approved. 


Fig. 23. 

Em, In appearance it is very much like a common musket, 
with the addition of a round ball. 

Fa, That ball, c, is hollow, and contains the condensed air, 
into which it is forced by means of a syringe, and then 
screwed to the barrel of the gun. 

Ch, Is there fixed to the ball c a valve opening inwards? 

Y 
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Fa, There is; and when the leaden bullet is rammed down, 
the trigger is pulled back, which forces down the hook b upon 
the pin connected with the valve, and liberates a portion of 
the condensed air; this, rushing through a hole in the lock 
into the barrel, will impel the bullet to a great distance: the 
bullet, however, must fit the barrel exactly, so as to admit 
no windage. 

Em, Does not all the air escape at once? 

Fa, No: if the gun be well made, the copper ball will con- 
tain enough for lo or 20 separate charges: so that one of these 
guns is capable of doing much more execution, in a given 
time, than a common fowling-piece, but it is not so applicable, 
from requiring some time to charge it. 

Ch. Does not the strength of the charges diminish each 
time? 

Fa, Certainly; because the condensation becomes less upon 
the loss of every portion of air; so that after a lew discharges, 
the ball will be projected only a short distance. To remedy 
this inconvenience, you might carry a spare ball or two ready 
filled with condensed air in your pocket, to screw on when 
the other was exhausted. This kind of instrument is some- 
times made as a walking-stick. 

Ch, I should like to have one of them 

Fa, I dare say' you would: but you must not be trusted 
with instruments capable of doing much mischief, till it is 
quite certain that your reason will restrain you from actions 
that might annoy or endanger other persons as well as your- 
self. 

A still more formidable instrument is called the magazine 
wind-gun. In this there is a magazine of bullets as well as 
another of air, and when it is properly charged, the bullets 
may be projected one after another as fast as the gun can be 
cocked and the pan opened. The syringe in these is fixed to 
the butt of the gun, by which it is easily charged, and may be 
kept in that state for a great while. 

Ch, What is the difference of effect between condensed 
air and gunpowder in propelling bullets? 

Fa, The elastic force of ignited gunpowder may be esti- 
mated at from 1000 to 2000 times greater than tliat of common 
air; so that air must be condensed upwards of 1000 times to 
possess the same propulsive power as gunpowder. And since 
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velocity is as the square root of the force, if the condensation 
is only ten times, the force acquired is only one hundredth part 
o. that of gunpowder; in the air-gun, how'ever, the propelling 
force is continued against the bullet throughout the whole 
length of the barrel, which is not so with gunpowder, for 
the force ceases to act some time before the bullet quits the 
barrel, 

Em, Does air never lose its elastic power? 

Fa, It would be too much to assert that it never wiU: but 
experiments have been tried upon different portions of it, 
which have been found as elastic as ever after the lapse of 
many months, and even years. 

Ch, What is this bell for? 

Fa, I took it out to show you that air is the medium by 
which, in general, sound is communicated. I will place it 
under the receiver of the air-pump, and exhaust the air. 
Now observe the clapper of the bell while I shake the appa- 
ratus. 

Em. I see clearly that the clapper strikes the side of the 
bell ; but I do not hear the least noise. 

Fa, Turn the cock and admit the air. Now you hear the 
sound plainly enough: — and if I use the syringe and a different 
kind of glass, so as to condense the air, the sound will be very 
much increased. Dr. Desaguliers says, that in air twice as 
dense as common air he could hear the sound of a bell at 
double the distance. 

Ch. Is it on account of the different densities of the atmo- 
sphere that we hear St. Paul’s clock so much plainer at one 
time than at another? 

Fa. Undoubtedly the different degrees of density in the 
atmosphere will occasion some difference; but the principal cause 
depends on the quarter from which the wind blows; for as 
the direction of that is towards or opposite to our house, we 
hear the clock more or less distinctly. 

Em, Does it not require great strength to condense air? 

Fa, That depends much on the size of the piston belonging 
to the syringe: for the force required increases in proportion 
to the square of the diameter of the piston. 

Suppose the area of the base of the piston to be one inch, 
and you have already forced so much air into the vessel that 
its density is double that of common air; the resistance opposed 

y2 
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to you will be equal to 15 pounds ; but if you would have it ten 
times as dense, the resistance will be equal to 150 jwunds. 

7A. That would be more than I could manage. 

Fa, Well, then, you must take a syringe the area of whose 
piston is only half an inch; and then the resistance would be 
equal to only the fourth part of 150 pounds, because the square 
of ^ is equal to 

Em. You said that the air was generally the medium by 
which sound is conveyed to our ears. Is it not always so? 

Fa. Air is always a good conductor of sound; so is ice and 
frozen snow, but water is a still better. Two stones being 
struck together under water, the sound may be heard at a 
greater distance, by the ear placed under water in the same 
river, than it can through the air. In calm weather a %vhisper 
may be heard across a wide river. 

The slightest scratch of a pin at one end of a long piece of 
timber may be heard by the ear applied close to the otlier end, 
though it could not be heard at half the distance through the 
air. 

The earth is not a bad conductor of sound. It is said, that 
by applying the ear to the ground, the trampling of horses 
may be heard much sooner than it could be through the me- 
dium of the air. Recourse has sometimes b(‘en had to this 
mode of learning the approach of a hostile army. 

Take a long strip of flannel, and in tlie middle tie a common 
poker, which answers as w^ell as anything, leaving tlie ends at 
liberty: these ends must be rolled round tlie end of the first 
finger of each hand, and then, stopping the ears witli the ends 
of these fingers, strike the poker, thus suspended, against any 
body, such as the edge of a steel fender; the dej)th of the tone 
which the stroke wdll return is amazing: tliat made by the 
largest church bell is not to be compared with it. — Thus it 
appears that flannel is an excellent conductor of sound. But 
before w^e proceed I will put a few questions, to ascertain your 
knowledge of these s'lbjects as fiir as we have gone. 

And first, what conclusions do you deduce from this con- 
versation on the nature of air? 

Ch. I understand that the particles of air give way to every 
small impression, and move freely among one another; so that 

• The pgaaie of mj noiober bcisg the number multiplied into itself ^ X ^ = 
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any force that presses upon air, presses in all directions simul- 
taneously. 

Fa, Tell me, Emma, what occasions air to be sometimes 
denser tiian at other times. 

Em, It becomes denser when the pressure upon it is in- 
creased. 

Fa, And what causes it to expand? 

Em, A diminution of pressure, as you proved to us by the 
experiments we have just witnessed. 

Fa, What force is it, Charles, that compresses common 
air? 

Ch, It is the weight of the atmosphere; and the spring of 
air is equal to that weight; for they always balance each other, 
and produce equal effects. 

Fa, What is the power of the pressure of the atmosphere? 

Ch. Near the surface of the earth it is said to be about 
fifteen pounds avoirdupois upon every square inch. 

Fa, What do you remember respecting the elasticity of the 
air? 

Ch, We have been shown, under the head of repulsion^ that 
if the particles of a fluid repel each other with a force recipro- 
cally j)i’oportional to their distances, such a fluid will be 
elastic, and capable of compression; and tlie repulsive force, 
as well as the attractive, seems to stop at the first particles it 
acts upon; never extending itself to other particles, which lie 
beyond the first in a right line. 

Fa, What, then, is the nature of the repulsive property of 
the particles of air? 

Ch. There is an opinion that it is ])roduced from certain 
ponderous substances, and that it is not to be overcome and 
changed into attraction by any known force whatever. 
Wherefore, when water is changed into vapour, by having its 
parts separated and put into a state of repulsion, the vapour 
is lighter than air; and for this reason they float in it, and are 
raised up to a considerable height in the atmosphere, where 
its weight, and consequently its pressure and density, is less 
than when near the surface of the earth, but equal to the 
stratum in which it takes its rest. 

Fa. Then you conclude that a moist atmosphere is heavier 
than a clear and dry one? 

Ch. Yes; in the proi)ortion that a quantity of suspended 
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▼apours in the first case exceeds the quantity of suspended 
vapours in the second. 

Fa, Do moist vapours lessen the elasticity of the air? 

Ch. Yes; because the force of repulsion in them is less than 
in the particles of air. 

Fa, Can you tell me, Emma, why vapours arc sometimes 
visible, and at other times not visible? 

Em, When the surrounding air is nearly of the same tem- 
perature as the water from which the vapours rise, they are 
invisible; but when the air is colder than the water, the 
vapour is condensed as it rises, and becomes visible. Hence 
it is that the breath of animals is visible only in cold weather. 

Fa, What do you imagine the height of our atmosphere to 
be? 

Ch, K the air were a compressed fluid, the height of the 
atmosphere would be twenty -nine thousand feet, or somewdiat 
above five miles; but as the air is elastic, and expands itseli 
at all altitudes in proportion as the pressure of the incumbent 
part of the atmosphere decreases, the atmosphere must extend 
to a much greater heiglit than that above mentioned. 

Fa, Can you describe to me the general properties of 
common air? 

Ch, I have understood that it partially consists of a certain 
vivifying spirit, or gas, termed oxygen, w hich is absolutely 
necessary to the preservation and continuance of animal life. 

Fa. What are tlie pruj)erties, then, of this vivifying gas? 

Ch. It is a supporter of combustion, and consequently of a 
nature proper to teed fire. 

Fa. IIow do you make this evident? 

Ch. By several instances; but the most striking is, that if 
w’e blow a fire, it burns mure fiercely, for the current of air 
feeds the fire with a continual supply of iiiflammahle particles: 
and if the fire goes out of itself’, it is from not having been 
effectively fed with fresh air. It is very wt- 11 kuowm that if 
we wish to make a fire burn well, it must be supplied with a 
current of fresh air. 

Fa, How is air rendered unhealtliy? 

Ch. By passing through the fire or through the lungs of 
any animal, and by corruption and putrefaction, as frequently 
experienced in the hold of a ship, in mines, w^ells, and other 
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close places, which are all charged with that deleterious gas, 
called carbonic acid gas. 

Fa. I am glad to find you both have been so attentive: in 
our next conversation we will proceed with the nature of 
sound. 


QUESTIONS FOR EXAMINATION. 

Upon what do the effects of the air> ; — Why are sounds from a distance 
gun depend? — Will air-guns act like j heard so much plainer at one time than 
common guns? — What are the cha- | another? — Is great strength required 
racteristics of air-guns ? — Explain the j to condense air? — Upon what doei 
construction of an air-gun. — Does all I the power required for condensing de- 
the air of an air-gun escape at a single f pend ? — How may it be regulated to 
discharge ? — Does the strength of each I any given degree ? — Is there any other 
discharge remain the same? — What j body besides air that will convey sound? 
is the magazine wind-gun? — Does air j — Is the earth a good conductor? — 
never lose its clastic power? — IIow is it ! What experiment is shown with a slip 
proved that air is tlie medium of sound ? ' of flannel ? 


CONVERSATION XL 


Father. We shall devote this conversation to the consider- 
ation of some curious circumstances relating to sound; whith, 
as depending upon the air, will come \'ery properly under 
Pneumatics; and in doing so we must transfer our ideas from 
the sensation to tlic motion that excit(‘s that sensation. 

Ch. You showed us yesterday that the stroke made by the 
clapper of a bell was not audible when it was under an 
exhausted receiver. Is air the cause of sound? 

Fa. Certainly, in many cases it is: of this kind is thunder, 
the most awful sound in nature. In fact, sound is produced 
by tlie quick vibration of some body, and it can only reach 
the ear by means of the air or some other elastic fluid. 

Em. Is tluindor produced by the air? 

Fa. Thunder is generally supposed to be ])rodueed by the 
concussion or striking together of two bodies of air; for liglit- 
ning, darling througli the air, causes, by its great velocity, a 
vacuum, and the separated bodies of air rushing together pro- 
duce the noise we call tliuiidor. The same efl’ei t, only in 
miniature, is produced by the ignition of gunpowde'r. 
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Ch, Can the report of a large cannon be called a miniature 
imitation? I remember being once in a room at the distance 
of but a few paces from the Tower guns when they were fired, 
and the noise was infinitely w'orse than any thunder that I 
ever heard. 

Fa, This w^as because you were near to them: gunpowder, 
so tremendous as it is in air, when inflamed in a vacuum 
makes no more sound than the bell in like circumstances. 

Mr. Cotes mentions a very curious experiment, which was 
contrived to show that sound cannot penetrate through a 
vacuum. A strong receiver, filled with common atmos[)heric 
air, in which a bell "was suspended, was screwed down to a 
brass plate so tiglit that no air could escape, and this was 
included in a mueli larger receiver. AVhen the air between 
the tw'o receivers was exhausted, the sound of the bell could 
not be heard. 

Em, Could it be heard before the air was taken away? 

Fa, Yes: and also the moment it was re-adinitted. 

Ch, AVhat is the reason that some bodies sound so much 
better than others? Bell-metal is more musical tlian copper 
or brass; and these sound much better than many other sub- 
stances 

fa, All sonorous bodies are elastic, the parts of which, by 
percussion, are made to vibrate, and as long as the vibrations 
continue corresponding vibrations are communicated to the 
air; and these produce sound. Musical chords and bells will 
illustrate this. 

Em, The vibrations of the bell are not visible; and musical 
chords will vibrate after the sound has ceased. 

Fa, If light particles of dust be on the outside of a bell 
when it is struck, you will, by their motion, hav(*, no doubt 
but that the particles of the metal move too, thougli not suf- 
ficiently to be visible to the naked eye: and although the 
motion of a musical string continues after the sound ceases to 
be heard, yet it does not follow that sound is not still produced, 
but only that it is not sufficiently strong to produce a .sensation 
in the ear. You .see in a dark night the flash of a gun; 
but, being at a considerable distance from it, you hear no 
report. 

If, however, you knew that the light was occasioned by the 
ignition of gunpowder in a musket or pistol, you would con- 
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elude that it was attended with sound, though it was not 
fiufiiciently strong to reach the place where you are. 

C%. Is it known how l*ar sound can be heard? 

Fa, We are assured, upon good authority, that the unas- 
sisted human voice has been heard at the distance of 10 or 12 
miles; namely from New to Old Gibraltar; and in the famous 
sea-fight between the fmglisb and Dutch, in 1672, the sound 
of cannon was heard at the distance of 200 miles from the 
place of‘ action. In both these cases the sound passed over 
water; and it is well known that sound may be always con- 
veyed much further along a smooth than along an uneven 
surface. 

Experiments liave been instituted to ascertain in what 
degree water, as a conductor of sound, was better than land; 
and a person was lieard to read very distinctly at the distance 
of 140 feet on the Thames: on land he could not be heard 
further than 76 feet. 

Em. Miglit there not be inteiTuj)tions in the latter case? 

Fa, No noise whatever intervem*d l>y land; but on the 
Thames there was the noise occasioned by the llowdng of the 
water. 

Ch. As we were w^nlking last summcT, towfirds Hampstead, 
W'e saw a pai*ty of soldiers firing at a mark near Chalk-Fann; 
and you desired us to take notice, as we approach(‘d the spot, 
how' much sooner the repent -was heard after we saw the smoke 
than wdien we first got into the fields. 

Fa, My intention was that you should know from actual 
experiment that sound is not conveyed instantaneously, but 
takes a certain time to travel over a given space. 

AVhen you stood close to the place, did you not observe the 
smoke and hear tlie report at the same instant ? 

Em, Yes, we did. 

Fa, Then you are satisfied that the light of the flash and 
the report are always produced together. The former (*omes 
to the eye with the velocity of light ; the latter reaches the ear 
with the velocity ’with wdiich sound travels. If, then, light 
travels faster than sound, you will, at any considerable distance 
from a gun that is fired, see the flash before you heju* the 
report. Do you know with what velocity light travels? 

Ch. At the rate of 12 millions of miles in a minute.* 

• See Conversation XXVI. — Of Astronomy. 
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Fa. With regard, then, to several hundred yards, or even 
a few miles, the motion of light may be considered as instan- 
taneous; that is, there would be no assignable difference of 
time to two observers, one of whom should stand at the breach 
of the gun, and the other at a distance of six, or eight, or ten 
miles from it. 

Em. This I understand, because 10 miles is as nothing when 
compared with 12 millions. 

Fa. Now, sound travels only at the rate of about 13 miles 
in a minute; therefore, as time is easily divisible into seconds, 
the progressive motion of sound is readily marked by means of a 
stop-watch: consequently if j)ersons are situated, some close to 
a gun when it is discharged, others at a quarter of a mile from 
it, and others at half a mile, and so on, they will all see the 
:dash or smoke at the same instant, but the report will reach 
them at different times. 

Ch. Is it certain that sounds of all kinds travel at this 
rate? 

Fa. A great variety of experiments have been made on the 
subject; and it is now generally agreed that sound travels 
wdth a velocity that is equal on the average to 1130 feet in a 
second of time, at the ordinary temperature of the air. 

Em. Then, with a stop-watch, you could have told how far 
we ^vere from the firing when we first sfiw it? 

Fa. Most easily; for having counted the number of seconds 
that elaps<‘d betwe<*u the flash and the. report, and then mul- 
tiplying 1 130 by the number, 1 should find the exai^t distance 
in feet between us and the gun. 

Cli. lias this knowdedge been applied to any practical 
puiq>ose? 

Fa. It has frequently been used at sea, by night, to know 
the distance of a ship that has fired her watch-guns. Suppose 
you were in a vessel, and saw tlie flash of a gun, and bcitween 
that and the report 24 seconds elapsed, what would be the 
distance of one vessel from anotlier? 

Em. I should multiply 1130 by 24, and then bring the 
product into miles, which, in this instance, is equal to some- 
thing more than five miles. 

Fa. The mischief occasioned by lightning is supposed to 
depend much on the distance at which the stoi-ra is from the 
spot from whence it is seen. 
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By counting the number of seconds elapsed between the 
jflash of lightning and the clap of thunder, you may ascertain 
how far distant you are from the storm. 

Ch, I should like to have a stop-watch, to be able to calcu- 
late this for myself. 

Fa. As it will, probably, be some time before you become 
possessed of that expensive article, I will tell you of something 
which you have always about you, and which will answer the 
purpose. 

Em. What is that. Papa? 

Fa. The pulse at your wrist, wdiich, in healthy persons, 
generally beats about 75 times in a minute. In the same 
space of time sound flies 13 miles: therefore in one pulsation 
sound passes over 13 miles, divided by To, that is afxmt 915 
feet, or the J part of a mile; consequently in six pulsations it 
will pass over a mile. 

Em. If I see a flash of lightning, and between that and the 
thunder I count at juy wrist 36 or 60 pulsations, I say the 
distance in one case is equal to six miles; in the other, ten. 

Fa. You are right: and this method will, for the present, be 
sufficiently accurate for all your purposes. 

But I will observe, that philosophically speaking, sound is an 
idea excited in the mind by means of the nerves of the organ 
of hearing, which, 'receiving impressions from the external air, 
communicate corresponding impressions to the brain. In the 
air itself, sound is propagated or distributed from place to 
place by certain undulations which originate from the vibra- 
tions of the sonorous body. 

C/i. You have told us, Papa, that sound travels faster, and 
is heard more distinctly in proportion to the nature of the 
surface over wdiich or the medium through ■which it is con- 
veye<l. But what are the chief obstructions to its progress? 

Fa. Any object ■which interferes ■with the straigiitf\)rTvard 
undulations The earth itself under ground is a great con- 
ductor of sound; an instance of w'hich is given in the case of 
a countryman, wdio being employed in digging a deep pit, was 
frightenetl from his by dreadful noises, which proved to 

be nothing more tlnin tlie trotting of a flock of sheep at a 
distance of tAVo miles, transraitte<l to him, probably, by some 
subterraneous conveyance. There is another instance of 
sound being conveyed to a great distance. The clock of St. 
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Paul’s was heard to strike by a sentinel lying with his ear to 
the ground on the terrace at Windsor. But it is conjectured 
that the conveyance was effected by the water of the Thames, 
which runs near the castle. 

(74. What number of vibrations arc necessary to form a 
distinct sound? 

Fa, About thirty; less than that number would not become 
audible, and more would become confused. Extreme rapidity, 
such as a thousand vibrations in a second, would form a kind 
of whizzing noise. Wind instruments sound by the vibrations 
of a column of air contained within them, produced by the 
breath; and in the speaking-trumpet by the voice. As in 
strings, the shortest are the highest notes, so in a flute, the 
holes nearest to the mouth in the act of blowing, emit the 
highest sounds. Whether sound really originates from the 
string or from the reaction of the air displaced by the vibra- 
tion of the string, has been doubted; but most probably from 
the latter. 

Ck, Does every kind of sound. Papa, whether grave or 
acute, travel with the same velocity? 

Fa, Yes, it does in spring and autumn; but in wdnter, 
when cold increases the density of the air, and lessens its elas- 
ticity, the velocity is not so great; and in summer, when heat 
diminishes the density, and increases tlie elasticity, the 
velocity is somewhat greater. 

The science which treats especially of hearing, and the pro- 
perties of sound, is called Acoustics^ which is derived frcmi the 
Greek word acouo (uKovut) “ I hear.” The medical term 
used for the study of the different sounds of the internal organs 
of the body, as of the heart and lungs, to ascertain their 
healthy or diseased state, iticiiWvdAusculfatiofi, from the Latin 
word anscultare, “ to listen:” and the instrument employed is 
called the Stethoscope, from the Greek v/ord stethos (orr/Oot;), 
“ the chest,” and scopeo ((xcoTrtw), “ I view or explore.” — There 
is yet another word often used instead of Acoustics, as illus- 
trating the doctrine of sounds, which is Fhonics, from the 
Greek word phone ((pwvrj), “ a sound.” And as the science is 
subject to similar laws to Optics, it is divided, like that science, 
into three branches; the one illustrating direct sound is called 
Phonics; that illustrating reflected sound is called Cataphonics, 
from the Greek word cata (mra), “ from or against;” and the 
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last, illustrating refracted sound, is termed DiaphonicSy from 
the Greek (oia), “through.” 


QUESTIONS FOR EXAMINATION. 


How is thunder produced? — Does 
gunpowder, when fired in racun, pro- 
duce any sound ? — Do you know what 
was Mr. Cotes’s experiment on tliis 
subject? — Wliy do some bodies give 
out a better sound than others? — 
What is the cause of sound ? — How is 
it know'n that the i)urtic]es of tlic me- 
tal move when a bell is struck ? — At 
what distance has sound been heard ? 
— Can sound b(^ conveyed further along 
a smooth or a rough surface ? — Is 


I water or land the better conductor of 
I sound? — When a gun is fired at a 
j distance, do you hoar the sound or see 
the flash first? — At what rate does 
I light travel? — At what rate does sound 
travel ? — Can this knowledge be ap- 
plied to any useful purpose? — Upon 
w hat does the mischief occasioned by 
lightning depend ? — (’an you ascertain 
at what distance you are from a 
thunder-storm? — Can this be done by 
I counting the beats of the pulse ? 


CONVERSATION NIL 

OF THE SPEAKlNCf-TRUMPET. 

Charles, I liave been thinking about the nature of sound, 
but 1 do not yot thoroughly comprehend it. I can imagine 
particles of light issuing from the sun, or other luminous 
bodies; but 1 have no idea of particles of sound. 

Fa. Sound is not a body like light; but depends, as I ob- 
served in the last conversation, on the concussion or striking 
together of other bodies which are elastic: these, being put 
into a tremulous motion, excite an undulation in the sur- 
rounding air. 

Em. Is it like the wave we see in the pond when it is 
ruffled by the wind? 

Fa. It is more like the undulation produced by throwing a 
stone into still water. 

Ch. I have often observed this: the surface of the '?\’ater 
then fonns itself into circular waves. 

Fa. It is probable that the tremulous motion of the parts 
of a sonorous body communicate undulations in the air in a 
similar manner. Two obvious circumstances must strike every 
observer with regard to the undulations in 'water. (1.) The 
waves, the further they proceed from the striking body, be- 
come less and less distinct, till, if the water be of a sufficient 
extent, they become invisible and die away. The same thing 
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takes place with regard to sound: the further a person is from 
the sounding body, the less distinctly it is heari till at length 
the distance is too great for it to be audible: and (2.) the 
waves on the water are not propagated instantaneously, but 
are formed one after another in a given space of time. Tliis, 
from what we have already shown, appears to be the manner 
in which sound is propagated. 

Em, Is sound the edect which is produced on the ear by 
the undulations of the air? 

Fa, It is: and in proportion as these weaves are stronger or 
weaker, the impression, and consequently the sensation, is 
j^reater or less. If sound be impeded in its progress by a body 
that has a hole in it, the waves pass through the hole, and 
then diverge on the other side as fj*om a centre. Upon this 
principle the speaking-trumpet is constructed. 

Ch. What is that, Papa? 

Fa, It is a long tube, used for the purpose of making the 
voice heard at a consideimble distance. The length of the 
tube is from six to twelve or fifteen feet: it is straight through- 
out, having at one end an aperture, of large diameter, while 
the other terminates in a proper shape and size to receive the 
Ups of the speaker. 

Em, Are these instruments much in use? 

Fa. It is believed that they were more used formerly than 
now: they are certainly of great antiquity. Alexander the 
Great made use of such a contrivance 335 b.c., to communi- 
cate his orders to the army; by me«ans of which, it is asserted, 
he could make himself perfectly understood at the distance of 
10 or 12 miles: but the modern instrument has been assigned 
to Kircher, about a.d. 1652; yet more especially to Sir 
Samuel Moreland in 1671. Stentor is celebrated by Homer 
as one who could call louder than fifty men. 

Heaven’s empress mingles with the mortal crowd 
And shouts in Stentor’s sounding voice aloud : 

Stentor the strong, endued with brazen lung*. 

Whose .throat surpass’d the force of fifty tongues. 

rorE’s llOMEU, B. V. 1. 976. 

And from him the speaking-trumpet has been called the 
Stentorophonic Tube: the termination phonic is from the 
Greek word phone {<fnavr} j, ‘‘ sound.” 

Ch, Perhaps Stentor was employed in the army for the 
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purpose of communicating the orders of the general; and he 
probably made use of a trumpet for the purpose, which may 
explain the meaning of brazen lungs^ as expressed by the 
poet. 

Fa. This is not an improbable conjecture. Besides speak- 
ing-trumpets, there are others contrived for assisting the 
hearing of deaf persons, called ear- trumpets, which differ but 
little from the speaking-trumpet; but various forms have been 
employed lately; particularly the flexible India-rubber tubes, 
which are furnished at one end with a small conical mouth- 
piece, and at the other with a similar shaped ear-piece, made 
of ivory or of silver. 

If A and B represent two trumpets, placed in an exact line 
at the distance of 40 feet or more from one another, the 
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snialltist whisper at a would be heard distinctly at b; so that 
by a cpntrivance to conceal the trumpets, many of those 
speaking figures are constructed which are frequently exhibited 
in the metropolis and other large towns. 

Em. I see how it may be done. There must be two sets 
of trumpets, the one connected >vith the ear of the image into 
which the spectator whispers, conveying the sound to a per- 
son in another room, who, by tubes connected with the mouth 
of the image, returns the answer. 

Ch. How are the lips set in motion? 

Fa. Very easily; by means of a string or wire passing 
under the floor up the body of the image. 

The speaking-trumpet is simply a tube which hinders the 
spreading of the undulations of the air, and increases the con- 
densation of the air; the condensed air being thrown, by the 
opposition it meets with from the sides of the instrument, 
into a course parallel with the axis of the tube; from thence 
it begins to dilate and spread itself as before, but with greater 
force; and, in like manner, the force receives a new increase 
every time the dilatation of the sphere is obstructed by the 
resistance of the sides of the tube. 
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Ch, Is there any difference of effect arising from difference 
in the length of the tube? 

Fa, Yes ; the increase or power of the sound passing through 
it is proportional to the length of the tube. 


QUESTIONS FOK EXAMINATION. 


Upon wliat does sound depend ? — 
What kind of a wave is made in the 
air by sound? — What circumstances 
are observable in tlie waves made by 
tlirowing a pebble into still water ? — 
How do you describe the nature of 
sound? — Upon wliat principle does 
the spealdng-trumpet depend ? — Wliat 


is its construction? — Were speaking^* 
trumpets in use among the ancients? 
— What other name has been given to 
speaking-trumpets, and why were they 
so called ? — Can you explain, by a 
reference to fig. 24, how the speaking 
figures are constructed ? 


CONVERSATION XIIL 

OF THE ECHO. 

Father, Let us turn our attention to another curious sub- 
ject relating to sound, and which also de])eiids on the air, I 
mean the echo; the term is derived from tlie Greek word 
echo {r]x^)y a sound.” 

Fm, 1 have often been deliglited to hear my own words 
repeated; and I once asked Cluirle.s how it liappened that, if 
I stood in a particular .spot in the garden and .sliouted loud, 
my words were distinctly repeatexl; whereas, if I moved a 
few yards nearer to the wall, I had no answer? He told me 
that he knew nothing more of this than what he gathered 
from a passage in “ Ovid’s Metamorphose.s,” where Echo is 
represented as having been a nymph of the woods, who had 
pined awav in love, and all that remained of her was her voice. 
Ch, I did. 

Fm, But how could a sound, or the repetition of a sound, 
be a nymph? 

Ch, That is merely a poetical idea, like most of those con- 
tained in “ Ovid’s Metamorphoses.” 

Fa, This, however, will give your sister but little satis- 
faction respecting the cau.se of the echo which she has often 
heard, and which she may still hear, in the garden. 

Em, True, Papa. I cannot conceive why a nymph of the 
woods should take up her residence in our garden, particularly 
as I never saw her. 
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Fa, If she is a mere sound, you cannot see her: I will en- 
deavour to explain the subject. When you throw a stone 
into a small pool of water, what happens to the waves when 
they reach the margin? 

Ch, They are thrown back again. 

Fa, The same happens with regard to the undulations in 
the air, which are the cause of sound. They strike against 
any surface adapted to the circumstance, such as the side of a 
house, a brick wall, a hill, or even against trees, and are re- 
flected or beaten back again. This is the cause of an echo. 

Em, I wonder, then, that we do not hear echoes more fre- 
quently. 

Fa. There must be several concurring circumstances to 
produce an echo; for the ear must be in the ime of reflection 
before it can be heard. 

Ck. I do not kno'w -what you mean by the line of reflection. 

Fa, I cannot always avoid using terms that have not been 
previously explained; of which this is an instance. I wiU, 
however, elucidat(‘. w^hat is meant by the line of incidence and 
the line of reflection. 'When you come to Optics, the subjects 
wdll be made very familiar to you. You can play at marbles? 

Ch, Yes; and so can Emma. 

Fa. It is not a very common amusement for girls. Hotv- 
ever, as it happens, 1 shall find my advantage in it; as she 
will the more readily enter into my explanation. 

Suppose you were to shoot a marble against the wainscot; 
what would happen? 

Ch. Tliat depends on the direction in which I shoot it. If 
I stand directly opposite to the w^ainscot, the marble, if I shoot 
it forcibly enough, will return to my hand. 

Fa. The line which the marble describes in going to the 
w-all is called the Vine of incidence; and that which it makes 
in returning is the line of reflection, 

Em. They appear to be both the same. 

Fa, In this particular instance they are so: but suppose 
you shoot obliquely or sideways against tlie board, will the 
marble return to the hand? 

Ch, No; it will fly oflT sideways in a contrary direction. 

Fa, There the line it describes before the stroke^ or the line 
of incidence, is diflerent from that of reflection, which it 
makes after the stroke, I will give you another instance: if 

z 
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you stand before the booking-glass, you see yourself; because 
the rays of light flow from you, and are reflected back again 
in the same line. But if Emma stand on one side of the 
room, and you on the other, you will both see the glass at the 
upper end of the room. 

£m. Yes; and I see Charles in it too. 

Ch, I see Emma; but I do not see myself. 

Fa, Tlxis happens just like the instance of the marble which 
you shot sideways. The rays flow from Emma obliquely on 
the glass, upon which they strike, and fly off in a contrary 
direction; and by them you see her. I will apply this to 
sound. If a bell, a, be struck, and 
the undulations of the air strike the 
wall in a perpendicular direction, 
they will be reflected back in the 
same line; and if a person were 
properly situated between a and dy 
as at .r, he would hear the sound of 
the bell by means of the undulations 
as they went to the wall, and he 
would hear it again as they came 
back; which would be the echo of the first sound. 

£m, 1 now understand the distinction between the direct 
sound and the echo. 

Fa, If the undulations strike the wall obliquely, they will, 
like the marble against the wainscot, or the rays of light 
against glass, fly off again obliquely on the other side, in a re- 
flected line, as d m. Now, if there be a hill, or any other 
obstacle betA^ *rn the bell and the place w, where a person 
happens to be .standing, he will not hear the direct sound of 
the bell, but only the echo of it; and to him the sound will 
come along the line dm, 

Ch, I have heard of places where the sound is repeated 
several times. 

Fa, This happens where there are several walls, rocks, &c., 
which reflect the sound from one to the other, and where a 
person happens to stand in such a situation as to intercept all 
the lines of reflection. 

There can be no echo unless the direct and reflected sounds 
follow one another at a sufficient interval of time; for if the 
latter arrive at the ear before the impression of the direct 
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louHd ceases, the sound will not be doubled, but only rendered 
nore intense. 

Em, Is there any rule by which the time may be ascer- 
tain, d? 

Fa, Yes, there is. I will begin with the most simple case. 
If a person stand at a?, (fig. 25,) the echo cannot be distinct 
anless the difference between the space a x and a d, added to 
ix, be at least 126 feet. 

Ch, The space through which the direct sound travels to a 
person is ax^ and the whole direct line to the wall is ad; be- 
sides which, it has to come back through dx to reach the per- 
son again. All this 1 comprehend. But why do you say 126 
ieet in particular? 

Fa, It is founded on tliis principlt;. By experience it is 
known that about nine or ten syllables can be articulately and 
distinctly pronounced in a second of time. But sound 
travels with the velocity of 1130 feet in a second; therefore, 
in the ninth part of a second it passes over , or 126 feet 
nearly, and consequently the reflected sound, which is the 
echo, must travel over at least 126 feet more than the direct 
sound, to make it distinct. 

Em, If d in the figure represent the garden wall, how far 
must I bo from it to hear distinctly any word I utter? Will 
63 or 64 feet be sufficient, so that the whole space which the 
sound has to travel be equal in this case also to 126 feet? 

Fa, It must be something more than this; because the first 
soupd rests a certain time on the ear, wdiich should vanish 
before the echo returns, or it will appear a continuation of the 
former, and not a distinct sound. It is generally supposed 
the distance must not be less than 70 or 72 feet: and this will 
give the distinct echo of one syllable only. 

Ch, Must the distance be increased in proportion to the 
number of syllables that are to be repeated? 

Fa, Certainly: and at the distance of about 1000 or 1200 
feet, 8 or 10 syllables, properly pronounced, will be distinctly 
repeated by the echo. 

I will finish this subject to-morrow. 
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you stand before the looking-glass, you see yourself; because 
the rays of light flow from you, and are reflected back again 
in the same line. But if Emma stand on one side of the 
room, and you on the other, you will both see the glass at the 
upper end of the room. 

Em, Yes; and I see Charles in it too. 

Ch, I see Emma; but I do not see myself. 

Fa, This happens just like the instance of the marble which 
you shot sideways. The rays flow from Emma obliquely on 
the glass, upon which they strike, and fly ofi‘ in a contrary 
direction; and by them you see her. 1 will apply this to 
sound. If a bell, «, be struck, and 
the undulations of the air strike the 
wall d in a perpendicular direction, 
they will be reflected back in the 
same line; and if a person were 
properly situated betw’een a and 
as at c, he would hear the sound of 
the bell by means of the undulations 
as they went to the wall, and he 
would hear it again as they came 
back; which would be the echo of the first sound. 

Em. I now understand the distinction between the direct 
sound and the echo. 

Fa. If the undulations strike the wall obliquely, they will, 
like the marble against the wainscot, or the rays of light 
against glass, fly off again obli(iu<*.ly on the other side, in a re- 
flected line, as d m. Now, if tliere be a hill, or any other 
obstacle hetv. -cn the bell and the place m, where a person 
happens to be -standing, he will not hear the direct sound of 
the bell, but only the echo of it; and to him the sound will 
come along the line dm. 

Ch. I have heard of places where the sound is repeated 
several times. 

Fa. This happens where there are several walls, rocks, &c., 
which reflect the sound from one to the other, and where a 
person hapjpens to stand in such a situation as to intercept all 
the lines of reflection. 

There can be no echo unless the direct and reflected sounds 
follow one another at a suflicient interval of time; for if the 
latter arrive at the ear before the impression of the direct 




THE ECHO. . 339^ 

sound ceases, the sound will not be doubled, but only rendered 
more intense. 

Em. Is there any rule by which the time may be ascer- 
tained? 

Fa. Yes, there is. I will begin with the most simple case. 
If a person stand at a?, (fig. 25,) the echo cannot be distinct 
unless the difference between the space a x and a d, added to 
dx, be at least 126 feet. 

Ch. Tlie space through -which the direct sound travels to a 
person is ax^ and the whole direct line to the wall is ad ; l>e- 
sides which, it has to come back through dx to reach the per- 
son again. All this 1 comprehend. But why do you say 126 
feet in particular? 

Fa. It is founded on this principle. By experience it is 
known that about nine or ten syllables can be articulately and 
distinctly pronounced in a second of time. But sound 
travels with the velocity of 1130 feet in a second; therefore, 
in the ninth part of a second it passes over or 126 feet 

nearly, and consequently the reflected sound, wliich is the 
echo, must tra\'el over at least 126 feet more than the direct 
sound, to make it distinct. 

Em.. IP rZ in the figure represent the garden wall, how far 
must I be from it to hear distinctly any word I utter? Will 
63 or 64 feet be sufficient, so that the whole space which the 
sound has to travel be equal in this case also to 126 feet? 

Fa, It must be something more than this; because the first 
soupd rests a certain time on the ear, -which should vanish 
before the echo returns, or it will appear a continuation of the 
former, and not a distinct sound. It is generally supposed 
the distance must not be less than 70 or 72 feet: and this will 
give the distinct echo of one syllable only. 

Ch. Must the distance be increased in proportion to the 
number of syllables that are to be repeated? 

Fa. Certainly: and at the distance of about 1000 or 1200 
feet, 8 or 10 syllables, j>roperly pronounced, will be distinctly 
repeated by the echo. 

I will finish this subject to-morrow. 
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QUESTIONS FOB EXAMINATION. 
Bepeat Ovld*8 description of an echo. — 


What is the cause of an echo ? — How 
must the ear be situated to hear an 
echo? — Explain to me what is meant 
bj the lines of reflection and incidence. 
—-In what case are they both the same? 
— In what case are they not ? — How 
is this illustrated by means of a looking- 
glass ? — Look to fig. 25, and see if you 
can explain its meaning. — Explain the 


distinction between direct sound and 
echo ? — What is the cause of an echo 
being repeated? — In what case will 
there be no echo ? — What is the least 
distance at which a person must stand 
lh>m the reflecting substance to hear 
an echo ? — Must the distance be in- 
creased if more syllables than one are 
to be repeated ? 


CONVERSATION XIV. 

THE ECHO— 

Father, The following are among the most celebrated 
echoes. At Rosneath, near Glasgow, there is an echo that 
repeats a tune played with a bugle, three times, completely and 
distinctly. Near Rome there was one that repeated what a 
person said five times. At Brussels there is an echo that 
answers 15 times. At Thombury Castle, Gloucestershire, an 
echo repeats 10 or 11 times very distinctly. In Woodstock 
Park there is an echo that repeats 17 syllables in the day-time, 
and one at night. Between Coblentz and Bingen an echo is 
celebrated as different from most others; as, in common echoes, 
the repetition is not heard till some time after hearing the 
words spoken or notes sung; but in this the person ^irho 
speaks or sings is scarcely heard, but the repetition is very 
^stinct, and in surprising varieties; sometimes seeming to 
approach, at others to recede: sometimes it is heard distinctly: 
at others scarcely at all; one person hears only one voice, 
while another hears several. I shall mention but one more 
instance. In Italy, at a villa near Milan, the sound of a 
pistol is returned 56 times. 

JSm. This is indeed 

** To fetch shrill echoes flrom their hollow earth.** 

Fa. The ingenious Mr. Derham applied the echo to mea- 
suring inaccessible distances. 

Ch. How did he effect this? 

Fa. Standing on the banks of the Thames, opposite Wool- 
wich, he observed that the echo of a single sound was re* 
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fleeted from the houses in three seconds: consequently, in that 
time it had travelled 8426 feet; the half of which, or 1713 
feet, was the breadth of the river in that particular place. 

Did you ever hear of the Whispering-Gallery in the dome 
of St. Paul’s Cathedral? 

£m. Yes; and you promised to take us to see it. 

Fa, And I will perform my promise. Li the mean time it 
may be well to inform you, that the circumstance which 
attracts every person’s attention is, that the smallest whisper 
made against the wall on one side of the gallery is distinctly 
heard on the opposite side. 

Ch, Is this effect produced on the principle of the echo? 

Fn, No: the undulations caused in the air by the voice are 
reflected both ways round the wall, which is made very smooth, 
so that none may be lost, and meet at the opposite side: con- 
sequently, to the hearer, the sensation is the same as if his 
ear were close to the mouth of the speaker. 

£m. Would the effect be the same if the two persons were 
not opposite to each other? 

Fa. In that case the words spoken would be heard double, 
because, one arch of the circle being less than the other, the 
sound would arrive at the ear sooner round the shorter arch 
than round the longer one. 

Ch, You said that the wall is very smooth. Is it material^ 
in the conveyance of sound, whether the medium be rough or 
smooth? 

Fa. Yes; very material. In Gloucester Cathedral there is 
also a gallery which conveys a whisper 75 feet across the nave. 
Still water is, perhaps, the best conductor of sound. The 
echo 1 mentioned in the neighbourhood of Milan depends 
much on the water near which the villa stands. Dr. Hutton, 
in his Mathematical Dictionary, gives the following instance 
as a proof that moisture has a considerable effect upon sound. 
A house in Lambeth-marsh is very damp during winter, 
when it yields an echo, which abates when it becomes dry in 
summer. To increase the sound in a theatre at Rome, a 
canal of water was constructed under the floor, which caused 
a great difference. 

Next to water, stone is considered a good conductor of 
sound, though the tone is rough and disagreeable. A well- 
made brick wall has been knowm to convey a whisper to the 
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distance of 200 feet nearly. Wood is sonorous, and produces 
the most agreeable tone: it is therefore the most proper sub- 
stance for musical instruments; of which we shall say a word 
X)r two before we quit the subject of sound. 

Em, All wind-instruments, such as flutes, trumpets, &c., 
must depend on the air: but is it so with stringed instruments? 

Fa, They all depend on the vibrations which they make in 
the surrounding air. I will illustrate what I have to say by 
means of the ^olian harp, the music of which is produced by 
the action of the wind; whence the name .^olian, from Ai^olus, 
the ancient god of the winds. 

If a cord, eight or ten yards long, be stretched very tight 
between two points, and then struck with a stick, the whole 
string will not vibrate, but there will be several still places in 
it, between which the cord will move. Now the air acts 
upon the strings of the harp in the same manner as the stroke 
of the stick upon the long cord just mentioned. 

Ch, Do not the diflTerent notes upon a violin depend upon 
the different lengths of the strings, which are varied by the 
fingers of the musician? 

Fa, They do: and the current of air acts upon each string, 
and divides it into parts, as so many imaginary bridges. 
Hence every string in an JEolian harp, though all are in 
unison, or harmonious concord, becomes capable of several 
sounds; from which arises the wild and wonderful harmony of 
that instrument. 

The undulations of the air, caused by the quick vibrations 
of a string, are well illustrated by a sort of mechanical sym- 
pathy that exists among accordant sounds. If two strings on 
diflerent instruments are tuned in unison, and one be struck, 
the other will reply, though they be several feet distant from 
one another. 

Em, How is this accounted for? 

Fa, The undulations made by the first string being of the 
same kind as would be made by the second if struck, those 
undulations give a mechanical stroke to the second string, and 
produce its sound. 

Ch, If all the strings on the .^olian harp are set to the 
same note, will they all vibrate if only one be struck? 

Fa, They will. The fact is well illustrated by bending 
little bits of paper over each string, and then striking one 
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sufficiently hard to shake off its paper: you will see that all 
the others will be shaken also from their strings. 

Em. Will not this happen if the strings are not in unison? 

Fa. Try it yourself. Alter the notes of all the strings but 
two, and place the papers on again. Now strike that string 
which is in unison with another. 

Em. The papers on those are shaken off; but the others 
remain. 

Fa. If a string of a violoncello be put in unison with the 
sound produced by rubbing or striking the edge of a drinking- 
glass, and both be placed at a distance from each other in the 
same room, the vibration of the string, when struck, will cause 
so great a vibration in the glass, that its sound may be dis*- 
tinctly heard; and if the string be struck with great force, 
the glass will be considerably agitated. 


QUESTIONS FOR EXAMINATION. 


Can you enumerate some of the 
principal echoes ? — Has the echo ever 
been applied to any practical purpose? 
— In what manuur have inaccessible 
distances been measured by the echo ? 
—What is the circumstance that at- 
tracts actention in the whispering gal- 
lery of St. Paul’s ? — How is that pro- 
duced? — How must the persons be 
placed to hear the whisper in the best 
manner ? — What is the best medium 
as a conductor of sound ? — What in- 
stance is adduced by Dr, Hutton ? — 
Next to water, what is the best con- 
ductor of sound? — To what distance 


has a whisper been conveyed by means 
of a brick wall? — Upon what do 
musical instruments depend for their, 
sounds? — What circumstance is ob-* 
servable if a long cord stretched out 
between two points be struck ? — Upon 
what do the notes of a violin depend? 
— How are the various sounds on an 
.^olian harp explained? — If one of 
the strings of an jEolian harp is struck 
will they all vibrate ? — How is this 
shown ? — Is it necessary that the 
strings should be in unison to produce 
this effect ? 


CONVERSATION XV. 

OF WINDS. 

Father. You know, my children, what the wind is. 

Ch. You told us, a few days ago, that you would prove it 
was only the air in motion. 

Fa. I can show you, in miniature, that air in motion will 
produce effects similar to those produced by a violent wind. 

I will place this little mill under the receiver of the air- 
pump in such a manner that the air, ^when re-entering, may 
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Catdi the vanes. 1 am exhausting the air. Now observe 
what happens when the stop* cock is opened. 

Em. The vanes turn round with incredible velocity; much 
swifter than ever I saw the vanes of a real windmill. But 
what puts the air imnotion, so as to cause the wind? 

jFa. There are probably many causes united to produce the 
effect. The principal one seems to be the heat communicated 
by the sun. 

Ch. Does heat produce wind? 

Fa. Heat, you know, expands all bodies; consequently it 
rarefies, the air, and makes it lighter. But you have seen 
that the lighter fluids ascend, and thereby leave a partial 
vacuum, towards which the surrounding heavier air presses 
with a greater or less motion, according to the degree of rare- 
faction, or of heat, which produces it. The air of this room, by 
means of the Are, is much warmer than that in the passage. 

Em. Does the air in the passage incline towards the 
parlour? 

Fa. Take this lighted wax taper, and hold it at the bottom 
of the door. 

Em. I see that the wind blows the flame violently into the 
room. 

Fa. Hold it now at the top of the door. 

Ch. There, I perceive, the flame rushes outwards. 

Fa. This simple experiment merits your attention. The 
heat of the room rarefies the air, and, the lighter particles as- 
cending, a partial vacuum is made at the lower part of the 
room: to supply the deficiency, the dense outward air rushes 
in, while the lighter particles, as they ascend, produce an out- 
ward current at the top of the dbor. If you hold the taper 
about midway between the bottom and the top, you will find 
a part in which the flame is perfectly still, having no tendency 
either inwards or outwards. 

The smokc-jack, so common in the chimneys of large 
kitchens, consists of a set of vanes, something like those of a 
windmill or ventilator, fixed to wheel -work; these are put in 
motion by the current of air in the cliimney, produced by the 
heat of the fire; and, of course, the force of the jack depends 
on the strength of the fire, and not upon the quantity of 
smoke, as the name of the machine would lead you to suppose. 

Em. Would you define the wind as a current of air? 
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Fa^ Yes; and properly so; yet the theory of winds is still 
involved in considerable obscurity; their direction is denomi- 
nated from the quarter whence they blow. 

Ch. When the wind blows from the North or South, do 
you say it is, in the former case, a North-wind, and in the 
latter, a South-wind? 

Fa. We do. The winds are generally considered to be of 
three kinds, independently of the names which they take from 
the points of the compass whence they blow. They are, the 
constant^ or those which always blow in the same direction ; 
ihe periodical^ or those which blow six months in one di- 
rection, and six in a contrary direction; and the variable^ 
which appear to be subject to no general rules. 

Em. Is there any place where the wind always blows in 
one direction only? 

Fa. Yes; it is common to a very large part of the earth; 
namely, to all that extensive tract that lies between 30® and 
27® South of the equator; it is especially observable in the 
Atlantic and Pacific oceans. 

Ch. What is the cause of this? 

Fa. If you examine the globe, you will see that the ap- 
parent course of the sun is from East to lYest, and that it is 
always vertical to some part of this tract of our globe; and 
therefore, as the wind follows the sun, it must, of necessity, 
blow in one direction constantly. 

Em. And is that due East? 

Fa. It is only so at the equator: for on the North of this 
line the wind declines a little to the North point of the com- 
pass; and this the more so, as the place is situated further 
towards the North: on the South side the wind will be 
southerly. 

Ch. The greater part of this tract of the globe is water; 
and I have heard you say that transpareiit media do not 
receive heat from the sun. 

Fa. The greater part is certainly water; but the proportion 
of land is not small ; almost the whole continent of Africa, a 
great part of Arabia, Persia, the East-Indies, and China, be- 
sides the whole, nearly, of New Holland, and numerous 
islands in the Indian and Pacific oceans: and in the western 
hemisphere, by far the greatest part of South America, New 
Spain, and the Wost-India islands, come within the limits of 
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30 decrees North and South of the equator. These amazinglj 
laige tracts of land absorb the heat, by which the surrounding 
air is rarefied, and thus the wind becomes constant, or blows 
in one direction. 

You will also remember that neither the sea nor the atmo- 
sphere are so perfectly transparent as to transmit all the rays 
of the solar fight: many are stopped in their passage; by 
which both sea and air are warmed to a considerable degree. 
These constant or general winds are usually called trade^ 
winds, 

Em, In what part of the globe do the periodical winds 
prevail? 

Fa, They prevail in several parts of the eastern and 
southern oceans, and evidently depend on the sun; for when 
the apparent motion of that body is North of the equator, 
(that is, from the end of March to the same period in Sep- 
tember,) the wind sets in from the South-west; and the re- 
mainder of the year, while the sun is South of the equator, 
the wind blows from the North-east. These are called the 
Monsoons, or shifting trade-winds, and are of consider- 
able importance to those who make voyages to the East 
Indies. 

Ch, Do these changes take place suddenly? 

Fa, No; some days before and after the change there are 
calms, variable winds, and frequently the most violent storms. 
In the Indian ocean the Monsoons blow from October to 
April from the North-East; but from April to October they 
constantly blow from the South-west; the latter is accounted 
for by the great rarefaction of the atmosphere over the vast 
regions of Eastern Asia during the summer. There are other 
winds, obtaining names from their immediate localities, as the 
Sirocco, a hot, humid, and relaxing wind, blowing over the 
South of Italy from the opposite shores of the Mediterranean; 
the Simoon of Arabia, and Kamsin of Egypt, both hot, dry, 
and pestilential winds blowing from the South: there is also 
the Harmattan, an arid wind from the East, blowing over 
the western coast of Africa. 

Again, on the greater part of the coasts situated between 
the tropics, the wind blows towards the shore in the day-time, 
and towards the sea at nighli. These winds are called sea 
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and land breezes; they are affected by mountains, the course 
of rivers, tides, &c. 

Em, Is it the heat of the sun by day that rarefies the air 
over the land, and thus causes the wind? 

Fa, It ^s. The following easy experiment will illustrate 
the subject. 

In the middle of a large dish of cold water put a water- 
plate filled with hot water; the former represents the ocean, 
the latter the land rarefying the air over it. Hold a lighted 
candle over the cold water, and blow it out; — ^the smoke, you 
see, moves towards the plate. Reverse the experiment by 
filling the outer vessel with warm, and the plate with cold 
water; the smoke will move from the plate to the dish. 

Ch, In this country there is no regularity in the direction 
of the winds: sometimes the easterly winds prevail for several 
days together; at other times I have noticed the wind blowing 
from all quarters of the compass two or three times in the 
same day. 

Fa, The variableness of the wind in this island depends 
probably on a variety of causes; for whatever destroys the 
equilibrium in the atmosphere produces a greater or less 
current of wind towards the place where the rarefaction 
exists. 

It is generally believed that Ihe electric fluid, which 
abounds in the air, is the principal cause of the variableness 
of the wind here. You may often see one tier of clouds 
moving in a certain direction, and another in a contrary one; 
that is, the higher clouds will be moving perhaps North or 
East, while the weather-cock stands directly South or West. 
In cases of this kind a sudden rarefaction must have taken 
place in the regions of one set of these clouds, destroying con- 
sequently the equilibrium. .This phenomenon is frequently 
found to precede a thunder-storm; from which it has been 
supposed that the electric fluid is, in this and such like 
instances, the principal cause in producing the wind: and if, 
in the more remarkable appearances, we are able to trace the 
operating cause, we may naturally infer that those which 
are less so, but of the same nature, depend on a like 
principle. 

Em, Violent storms must be occasioned by sudden and 
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tremendous concussions in nature. I remember to have seen 
once, last year, some very large trees tom up by the wind. It 
is diihcult to conceive how so thin and light a body can 
produce such violent effects. 

Fa. The inconceivable rapidity of lightning will account 
for the suddenness of any storm; and when you are acquainted 
with what velocity a wind will sometimes move, you will 
not be surprised at the effects which it is capable of pro- 
ducing. 

(74. Is there any method of ascertaining the velocity of the 
wind? 

Fa, Yes; several machines have been invented for the 
purpose. But Dr. Derham, by means of the flight of small 
downy feathers, contrived to measure the \ elocity of the great 
storm which happened in the year 1705; and he found that 
the wind moved 33 feet in half a second; that is, at the rate 
of 45 miles per hour. It has also been proved that the force 
of such a wind is equal to the perpendicular force of 10 
pounds, avoirdupois weight, on every square foot. Now, if 
you consider the surface which a .large tree, with all its 
branches and leaves, presents to the wind, you will not be 
surprised that, in great storms, some of them should be torn 
up by the roots. 

Fm, Is the velocity of <5 miles an hour supposed to be the 
greatest velocity of the wind? 

Fa, Dr. Derham thought the greatest velocity to be about 
60*miles per hour. But we have tables calculated to show 
the force of the wind at all velocities, from 1 to 100 miles per 
hour. 

Ch, Does the force bear any general proportion to the 
velocity? 

Fa, Yes, it does: the force increases in proportion to the 
square of the velocity. 

Em. Do you mean, that if, on a piece of board, exposed to 
a given wind, there is a pressure equal to one pound, and the 
same board be exposed to another wind of double velocity, the 
pressure will be in this case four times greater than it was 
before? 

Fa. That is the rule. The following short table, selected 
from a larger one given in vol. ii. of the ^^Philosophical 
Transactions” will fix the rule and facts in your memory. 
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Velocity of the 
wind, in miles, 
per hour. 

rerffendicular force 
on one square foot In 
pounds avoirdupois. 

Ck)mmon appellations of t* 10 | 
force of these winds. 

0 

•128 

Gentle, pleasant wind. 

10 

•402 

Brisk gale. 

•JO 

1*968 

Very brisk. 

30 

4*420 

High wind. 

40 

7*873 

Very high wind. 

30 

12*300 

k. storm. 

60 

17*716 

A violent storm. 

80 

31-490 

A hurricane. 

100 

49-200 

A violent hurricane. 


To mark the force and velocity* of the wind, an instrument 
was invented by Woltius, like a windmill. Dr. Lind adopted 
a glass tube in the shape of the letter U, partly filled with 
water, for the same purpose; and other contrivances have 
been adopted, but they are not of common use: the name 
given to them is that of Anenuometer^ from two Greek words, 
anemos (dve/ioc) “the wind,” and metron (fjterpov) “a 
measure.” 

The anemoscope is an instrument indicating the direction 
of the wind, formed of a kind of vane or weather-cock con- 
nected by wheel work with an index, on which is marked the 
points of the compass: the termination scope i? from the 
Greek scopeo {pKOTrua) “ I behold.” 

The weather-cock itself may be called an anemoscope* 

Ch. Why are the trade-winds called Monsoons? 

Fa, It was thought that they were so distinguished in 
honour of a pilot, named Monsoon^ who first perceived their 
advantages, and applied them to navigation; but it seems to 
be a M^ayan word denoting seasons, 

Em, What are the peculiarities of those winds which are 
denominated land and sea breezes? 

Fa, The sea-breeze commonly rises in the morning, pro- 
ceeding slowly in a fine, small, black curl upon the surface of 
the water, and hastening to refresh the sliore. At first it is 
gentle, but gradually increases till noon; then as gradually 


« Hr. Brice discovered, from observations on the clouds, or their shadows moving 
the surface of the earth, that the velocity of wind in a storm was nearly 6S 
miles in an hour, 21 miles in a fresh gale, and nearly 10 miles in a breexe. 
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declines, and before evening is totally hushed. Soon after 
this, the land-breezes take their turn, and after a few hours 
become still. Some have termed these winds aerial tides* 
If they be so, depending on the daily motion of the earth, 
many causes may perplex so light a fluid as air, and deprive 
it of the calculation to which water submits. The most rea- 
sonable method of accounting for them is on the principles 
already adduced; namely, the expansion and contraction of 
the heated atmosphere; but these do not altogether explain 
the phenomena, as the breezes often vary in time and place. 

In these winds, however, we cannot fail, at all events, to 
trace the wisdom and goodness of the great Creator, who has 
beneficently sent them for the comfort and wants of His 
creatures. On most of our coasts the heat would be some- 
times almost insupportable in summer without the sea-breeze, 
whilst the land-breeze corrects the malignity of dews and 
vapours, and renders wholesome what otherwise would be 
noxious. 

QUESTIONS FOB EXAJnNATION. 


What 18 wind ? — How are the efTects 
of wind shown by experiment? — 
What pots the air in motion so as to 
produce winds? — Show me the ex- 
periment with a lighted taper at the 
door, and explain the reason of the ap- 
pearances. ^ Upon what principle does 
the smoke-jack depend ? — How is 
wind defined ? — How is its direction 
denominated? — Bow many kinds of 
wind are there ? — Does the wind blow 
in any part of the earth in one direction 
only? — What is the reason of this? — 
Explain this by the globe. — Do trans- 
parent media receive heat ? — Te lime, 
then, bow the constant winds are to be 


! accounted for. — WTiat other name 
have they ? — Where do the periodical 
winds prevail ? — On what do they de- 
pend ? — What other names have they ? 

— Why are they called trade-winds ? 

— What experiment will illustrate the 
subject? — Upon what does the vari- 
ableness of the wind in an island de- 
pend ? — Has electricity any effect in 
producing wind ? — Upon what may the 
suddenness and strength of a storm de- 
pend ? — By what methods can tlie 
velocity of wind be measured ? — What 
is supposed to be the greatest velocity 
of wind? — By what law does the 
force of the wind increase ? 


CONVERSATION XVI. 

OF THE STEAM-ENGINE 

FaAer* If you understand the principle of the forcing- 
pump, you will easily comprehend in what manner the steam- 
engine acts, the most important of ail hydrostatic machines. 
Ch* ^Wliy do you call it the most important of all machines? 
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Fa. Steam-engines can be used with advantage in all cases 
where great power is required. They are adapted to the 
raising of water from ponds and wells; to the draining of 
mines, to the various arts and manufactures, to locomotion on 
railways, to ships, &c., (and, perhaps, without their assistance 
we should not at this moment have tho benefit of coal-fires;) 
and to many other most useful purposes. 

Fm. Then there cannot be two opinions entertained re- 
specting their utility. I do not know what we should do 
without them in winter, or even in summer, since coal is the 
fuel chiefly used in dressing our food. 

Fa. Our ancestors, a century ago, had excavated all the 
mines of coal as deep as they could be worked without the 
assistance of this sort of engines: for when the miners have 
dug a certain depth below the surface of the earth, the water 
pours in upon them on all sides; consequently they have no 
means of going on with their work without the assistance of 
a steam-engine, which is erected by the side of the pit, and, 
being kept constantly at work, keeps it dry enough for all 
practical purposes. 

The steam-engine was invented during the reign of Charles 
IL, although it was not brought to a degree of perfection 
sufficient for the draining of mines till nearly half a century 
after that period. 

Ch. To whom is the world indebted for the discovery? 

Fa. It is difficult, if not impossible, to ascertain who was 
the inventor. The Marquis of Worcester described the 
principle in a small work entitled A Century of Inventions,” 
which was published in the year 1663, and reprinted some 
years since in London, as “ A way to drive up water by 
fire.” 

Fm. Did the marquis construct one of these engines? 

Fa. No; The invention seems to have been neglected for 
several years, until Captain Thomas Savery, about 1698, 
after a variety of experiments, brought it to so great a degree 
of perfection, as to be enabled to raise water in small 
quantities to a moderate height. 

Ck. Did he take the invention from the Marquis of Wor- 
cester’s book? 

Fa. By some it is stated that he did; but a Dr. Desaguliers, 
who, in the middle of the last century, entered at large into 
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the discussion, maintains that Captain Savery was wholly in« 
debted to the marquis, and charges him with having pur* 
chased all the books which contained the discovery, and 
burned them to conceal the piracy. Captain Savery, how- 
ever, declared that he was led to the discovery by the fol- 
lowing accident: — “ Having drunk a flask of Florence wine 
at a tavern, and thrown the flask on the fire, he perceived 
that the few drops left in it were converted into steam; this 
induced him to snatch it from the fire, and plunge its neck 
into a basin of water, which, by the atmospheric pressure, 
was driven quickly into the bottle.” 

Em. This was something like an experiment which I have 
often seen at the tea-table. If I pour half a cup of water 
into the saucer, and then hold a piece of lighted paper in the 
cup for a few seconds, and, when the cup is pretty warm, 
plunge it with the mouth downwards into the saucer, the 
water almost instantly disappears from it. 

Fa. In both cases, the principle is exactly the same: the 
heat of the burning paper converts the water, that hung about 
the cup, into steam; but steam, being much lighter than air, 
expels the air from the cup, which being plunged into the 
water, the steam is quickly condensed, and a partial vacuum 
is made in the cup; consequently, the pressure of the atmo- 
sphere upon the water in the saucer forces it into the cup, 
just in the same manner as the water follows the vacuum 
made in the pump. 

Em. Is steam, then, used for the purpose of making a 
vacuum, instead of a piston? 

Fa. Yes: and it is said that Captain Savery was the first 
person who applied it to the purpose of raising water. 

Em. Will you have the kindness, dear Papa, to describe 
this engine? 

Fa. I shall endeavour to give you a general and correct 
explanation of the principle and mode of acting of one of 
Mr. Watt’s engines, who took out his first patent in 1769, 
without entering into all its minor parts. 

A is a section of the boiler, standing over a fire, about half 
fiill of water: b is the steam-pipe which conveys the steam 
from the boiler to the cylinder c, in which the piston i>, made 
air-tight, works up and down, a and c are the steam valves^ 
through which the steam enters into the cylinder: it is 
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admitted through a when it is to force the piston downwards, 
and through c when it presses it upwards; b and d are the 
eduction valves, through which the steam passes from the 
cylinder into the condenser e, wdiich is a separate vessel 
placed in a cistern of cold water, and wliich has a jet of cold 
water continually playing up in the inside of it: ^is the air- 
pump, which extracts the air and water from the condenser. 
It is worked by the great beam or lever k s, and the water 
taken from the condenser, and thrown into the hot well is 
pumped up again by means of the pump y, and carried back 
into the boiler by the pipe ii: k is another pump, likewise 
worked by the engine itself, w'hich supplies the cistern, in 
which the condenser is fixed, with water. 

Ch. Are all three pumps, as well as the piston, worked by 
the action of the great beam? 

Fa, They are: and you see the piston-rod is fastened to 
the beam by inflexible bars; but in order to make the stroke 
perpendicular, Mr. Watt invented the machinery called the 
parallel joint, the construction of which wiU be easily under- 
stood from the figure. 

Em, How are the valves opened and shut? 

Fa, Long levers, o and p, are attached to them, which are 
moved up and down by the piston-rod of the air-pump e p. 
In order to communicate a rotatory motion to any machinery 
by the motion of the beam, Mr. Watt made use of a large 
fly-wheel x, on the axis of which is a small concentric-toothed 
wheel h; a similar toothed wheel, i, is fastened to a rod, T» 
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coming from the end of the beam; so that it cannot turn on 
its axis, but must rise and fall with the motion of the great 
beam. 

A bar of iron connects the centres of the two small-toothed 
wheels: when, therefore, the beam raises the wheel i, it must 
move round the circumference of the wheel h, and with it 
turn the fly-wheel x, which will make two revolutions while 
•the wheel i goes round it once. These are called the sun and 
planet wheels; h, like the sun, turns only on its axis, while i 
revolves about it as the planets revolve about the sun. 

If to the centre of the fly-wheel any machinery were fixed, 
the motion of the great beam es would keep it in constant 
work. 

CA. Will you describe the operation of the engine? 

Fa, Suppose the piston at the top of the cylinder, as it is 
represented in the figure, and the lower part of the cylinder 
filled with steam. By means of the pump-rod e f, the steam 
valve a and the eduction valve d will be opened together; the 
branches from which arc connected at o. There being now 
a communication at d between the cylinder and condenser, the 
steam is forced from the former into the latter, leaving the 
lower part of the cylinder empty, while the steam from 
the boiler, entering by the valve a, presses upon the «Ltr 
piston, and forces it down. As soon as the piston has fiS 
arrived at the bottom, the steam valve c and the r I • 
eduction valve b are opened, while those at a and d W 
are shut; the steam, therefore, immediately rushes 
through the eduction valve b into the condenser, while 0 
the piston is forced up again by the steam which is 
now admitted by the valve c. 


QUESTIONS FOR EXAMINATION. 


Whv is the steam-engine called the 
most important of all machines ? — In 
what cases is the steam-engine used to 
advantage? — When was the steam- 
angine invented ? — To whom are we 
tadebted for the discovery? — How is 
the esqMriment with the onp explained ? 
^ What is used in the steam-engine to 
mate a vacuum ? — Try to explain the 
utr n c tur e and action of the en^ne fh>m 
36 and 37. — Show me the 


steam-pipe, and tell me its use.— Which 
are the steam-valves, and what are the 
uses of them ? — Show me the eduction 
valves and their uses. — What is that 
represented by /, and for what is it 
used? — How is the air-pump worked? 
— Is the great beam used for anything 
else? — Tell me how the valves aie 
opened and shut ? — Now descrihe the 
action of the engine. 
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CONVERSATION XVH. 

OF THE STEAM-ENGINE — Continued. 

Charles. I do not understand how the two sets of valves 
act, which 70 U described, yesterday, as the steam and eduction 
valves. ^ 

Fa, K you look to fig. 27 there is a different view of this 
part of the machine, unconnected with the rest: s is part of 
the pipe which brings the steam from the boiler; a represents 
the v^ve, which, being opened, admits the steam into the 
upper part of the cylinder, forcing down the piston. 

Em, Is not the valve d opened at the same time? 

Fa. It is: and then the steam which was under the piston 
is forced through into the condenser e. When the piston 
arrives at the bottom, the other pair of valves are opened — viz. 
c and b: through c the steam rushes to raise the piston, and 
through h the steam, which pressed the piston down before, is 
driven out into the pipe r, leading to the condenser: in this 
there is a jet of cold water constantly playing up ; and thereby 
the steam is instantly converted into hot water. 

Ch, Then the condenser e (fig. 25) will soon be full of 
water. 

Fa. It would, if it were not connected by the pipe z with 
the pump f; so that, every time the great beam e s is brought 
down, the plunger, at the bottom of the piston-rod E p, de- 
scends to the bottom of the pump. 

Em, Is there a valve in the plunger? 

Fa, Yes: it opens upwards; consequently all the hot water 
which runs out of the condenser into the pump will escape 
through the valve, and be at the top of the plunger; and the 
valve, not admitting any return, it will, by the ascent of the 
piston-rod into the situation as shown in the figure, be driven 
through n into the cistern of hot water, from which, bj 
means of a valve, it is prevented from returning. 

Ch. I see also that the same motion of the great beam puts 
the pump y in action, and brings over the hot water from iho 
cistern p, through the pipe t ^ into the little cistern v, whick 
supplies the boiler. 
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Em. If the pump k brings in, by the same motion, the 
water from the well w, do not the hot and cold water inter- 
mix? 

Fa. No: if you look carefully at the engraving, you will 
observe a strong partition, u, which separates the one from 
the other. Besides, you may perceive that the hot water 
does not stand at so high a level as the cold, which is a suf- 
ficient proof that they do not communicate. Indeed, the 
operation of the engine would be greatly injured, if not wholly 
Stopped, if the hot water communicated with the cold; for in 
that case, the water, being at a medium heat, would be too 
warm to condense the steam in e, and too cold to be admitted 
into the boiler without checking the production of the steam. 

Ch. There are some parts of the apparatus belonging to 
the boiler which you have not yet explained. What is the 
reason that the pipe 9, which conveys the water from the 
cistern v to the boiler, is turned up at the lower end? 

Fa. If it were not bent in that manner, the steam generated 
at the bottom of the boiler would rise into the pipe, and in a 
great measure prevent the descent of the water through it. 

Em. In this position I see clearly that no steam can enter 
the pipe; because steam, being much lighter than water, must 
rise to the surface, and cannot possibly sink through the bent 
part of the tube. What does m represent? 

Fa. It represents a stone suspended on a wire, which is 
shown by the dotted line: this stone is nicely balanced, by 
means of a lever, at the other end of which is another ^vire, 
connected with a valve at the top of the pipe that goes 
down from the cistern. 

Ch. Is the stone balanced so as to keep the valve open suf- 
ficiently to admit a proper quantity of water? 

Fa. It is represented by the figure in that situation. By 
a principle in hydrostatics % with which you are acquainted, 
the stone is partly supported by the water. If, then, by in- 
creasing the fire, too great an evaporation take place, and the 
water in the boiler sink below its proper level, the stone also 
must sink, which will cause the vadve to open wider, and let 
that from the cistern come in faster. If, on the other hand, 
the evaporation be less than it ought to be, the water will have 
II tendency to rise in the boiler, and with it the stone must 

* See Conversation XI. On Hydrostatics. 
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rise, and the valve will consequently let the water in with 
less velocity. By this contrivance the water in the boiler is 
always kept at one level. 

Enu. What are the pipes t and u for? 

Fa, They are seldom used; but are intended to show the 
exact height of the water in the boiler. The one at t reaches 
very nearly to the surface of the water when it is at the proper 
height: that at u enters a little below the surface. If, then, 
the water be at its proper height, and the cocks t and u be 
opened, steam will issue from the former^ and water from the 
latter. But if the water be too high, it will rush out at t 
instead of steam: if too low, steam will issue out of u instead 
of water. 

Ck. Suppose the whole to be as represented in the engraving, 
why will the water rush out of the cock u, if it be opened? 
It will not rise above its level. 

Fa, True: but you forget that a constant supply coming into 
the boiler from the cistern v, makes that the height to which 
the water will endeavour to rise to attain its level, in the 
same manner as the jet of cold water always rises to the top 
of the condenser e by endeavouring to come to a level with the 
water in the cistern. In the next Conversation will be given 
an account of the purposes to which the steam engine is 
applied. But perhaps one of the most striking exhibitions 
of the wonderful eifects of this machine is to be seen in that 
part of the Portsmouth dock-yard where the blocks for ships 
are made. These blocks are completely finished from the 
rough timber, with scarcely any manual labour, by means of 
different saws and other tools worked by the steam-engine. 


CONVERSATION XVIH. 

OP THE STEAM-ENGINE AND FAPIN's DIGESTEE. 

Charles, We have seen the structure of the steam-engine 
and its mode of operation ; but you have not told us the uses 
to which it is applied. 

Fa. The application of this power, especially Mr. Sa,very's 
steam-engine, was at first wholly devoted to the raising of 
water, either from the mines, which could not be worked 
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without such aid, or to the throwing it to some immense 
reservoir, for the purpose of supplying with this useful article 
places which are higher than the natural level of the stream. 

Em, But its uses are now wonderfully extended, I sup- 
pose. 

Fa, They are; such as to the working of mills, threshing of 
com, and coining. In making the copper money now in use, 
the ingenious Mr. Bolton has contrived, by a single operation of 
the steam-engine, to roll the copper out to a proper thickness, 
cut it into circular pieces, and make the faces and the edge. 

Ch, How is the power of these engines estimated? 

Fa, The power varies according to the size. That at 
Messrs. Whitbread’s brewhouse has a cylinder 24 inches in 
diameter, and will perform the work of 24 horses, working 
night and day. 

Em, The horses, surely, cannot work incessantly. 

Fa, They will work only eight hours, on an average, out of 
the twenty-four, therefore the engine, being continually at 
work, will perform the business of 72 horses. The coals 
consumed by this engine are about seven chaldron per week, 
one chaldron in 24 hours. 

By the application of different machinery to this engine, it 
raises the malt into the upper warehouses, and grinds it; pumps 
the wort from the under-backs into the copper; raises the 
wort into the coolers; fills the barrels when the beer is made; 
and, when the barrels are full, and properly bunged, they are, 
by the steam-engine, driven into the storeliouses in the next 
street, (a distance of more than a hundred yards,) and let 
down into the cellar. 

Ch, I do not wonder, then, at any anticipated extent of this 
useful power. 

Em, I have heard of explosive steam. Pray what is meant 
by that term? 

Fa, From a great variety of accidents that have happened 
through careless people, it appears that the expansive force of 
steam, suddenly raised, is much stronger than even that of 
gunpowder. At the cannon-foundry in Moorfields, some 
years ago, hot metal was poured into a mould that accidentally 
contained a small quantity of water, which was instantly 
converted into steam, and caused an explosion that blew 
the foundry to pieces. A similar accident happened at a 
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foundiy in Newcastle, which occurred from a little water 
having insinuated itself into a hollow brass ball that waa 
thrown into the melting-pot. 

Ck, These facts bring to my mind a circumstance that I 
have often heard you relate as coming within your own 
knowledge. 

Fa, You do well to remind me of it. The fact is worth 
recording. A gentleman, who was canying on a long series 
of experiments, wished to ascertain the strength of a copper 
vessel, and gave orders to his workmen for the purpose. The 
vessel, however, burst unexpectedly, and in the explosion it beat 
down a brick wall of the building in which it was placed, and 
by the force of the steam, was carried 15 or 20 yards from it: 
several of the bricks were thrown 70 yards from the spot; a 
leaden pipe, suspended from an adjoining building, was bent 
into a right angle; and several of the men were so dreadfully 
scalded, or bruised, that, for many weeks, they were unable to 
stir from their beds. A very intelligent person, who con- 
ducted the experiment, assured me that he had not the smallest ^ 
recollection how the accident happened, or by what means he 
got to his bed-room after it. 

Ch. What is the use of that immense wheel attached to the 
large steam-engine in the cloth-factory of Messrs. Edmonds 
and Co., which we observed when we were at Bradford, in 
Wiltshire? 

Fa, That vast wheel is called the fly-wheel; and in conse- 
quence of containing so immense a quantity of matter, when 
once put in motion it has a tendency to continue the velocity 
of rotation round its axis, until overcome by friction and the 
resistance of the air; this inertia enables it to overcome the 
dead points of power, and to turn the crank of the piston from 
those extreme positions of its movement where its motive 
power becomes ineffective, and also to regulate any unequal 
effect that may attend the crank. 

Ch, What is meant by a non^condetmng steam-engine. 
Papa? 

Fa, Those steam-engines which do not condense the steam 
after it has performed its oflice have this appellation; when 
the steam has impelled the piston, it is not conducted into a 
cold vessel to condense it into water, but is let off to w’^aste 
into the atmosphere, and generally into the funnel or 
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chimney of the furnace. The pressure of the steam, thereforoi 
must be considerably greater than that of the atmosphere, 
whence these machines have been called high-pressure engines; 
while those which condense their steam are c^led low-pressure 
engines, though these latter are often worked with steam of a 
high pressure, amounting sometimes from two to three atmo- 
spheres. Lovomotive engines on railways, and very many 
of those employed in steam navigation, are high-pressure, 
non-condensing engines; though generally in steam naviga- 
tion non -condensing engines with low pressure boilers are 
adopted. 

Ch, How long have lo('.omotive engines been applied to 
railway travelling? Was not the Liverpool and Manchester 
railway the first of this kind? 

Fa, The first locomotive engine constructed for the transit 
of goods on railways, was employed in 1804, at Merthyr 
Tydvil, in South Wales; and from that time till about 1829, 
they seem to have been almost exclusively applied to the 
I conveying of coals and the mineral products from the mines to 
the places of their shipment; a short time, however, previous 
to 1829, it was proposed to form a railway between Liverpool 
and Manchester for the conveyance of goods and passengers 
between those two important towns; and to obtain the most 
efficient means for carrying the design into execution, prizes 
were offered to the engineers of the country for tlie best 
locomotive engines that would answer the end. Accordingly, 
in October, 1829, when the rails had been laid, experiments 
were tried, and Mr. Robert Stephenson produced an engine 
which ran at the rate of 36 miles an hour. 

Ch, I think I have heard you mention that Mr. Huskisson, 
the statesman, was killed on this railway; how was that? 

Fa. He was standing on the line talking to a friend, and 
when apprised of his danger, he became so alarmed as to 
lose all power of motion, and the engineer being unable to 
stop the engine within so short a distance, he was knocked 
down and killed on the spot. 

Ch. Were the engines then employed of similar construc- 
tion with those now used? 

Fa. Not exactly; the tubes which conveyed the fire through 
the boiler were originally of copper, while now they are of 
brass; there were idso but 25 tub^ and about three inches in 
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diameter, and now there are upwards of 100, whose diameters 
also are reduced to half the size: moreover the original engines 
had but four wheels, and now they have six, with many other 
improvements too extensive to detail at large; the action of 
these engines is horizontal, acting on the cranks attached to the 
main axle, which is the middle one: every part is well supplied 
with oil, to keep them cool and lessen the friction. The 
supply of water for generating the steam, and of coke for 
feeding the fire, is carried in the tender attached to the engine: 
the water, however, is not conveyed in a continual stream, but 
only at those intervals when the lowest power of the steam 
is called into requisition, as in descending an incline, for the 
cold water acts as a check upon its consumption. You must 
observe, also, that the wheels are not exactly like our coach- 
wheels, with circular tires, but the two extreme pairs are fur- 
nished with sides called flanges, which embrace the rails, and 
thus keep the wheels more securely on the lines: but it is not 
necessary to proceed further in our description, as far more 
profitable information can be derived from actual observation, 
than double the amount of w^ritten description; and when we 
next have occasion to travel, we will arrive at the station an 
hour or two earlier, and, by means of some kind friend, we 
will obtain permission to examine the construction, with the 
assistance of the engineer. 

Em, Is it by the force of steam that bones are dissolved in 
the cooking utensil, called Papin’s digester, which you pro- 
mised to describe?* 

Fa, No; that operation is performed by the great heat 
produced in the digester. This engra- 
ving represents one of these machines. 

It is a strong metal pot, at least an inch 
thick in every part: the lid of it is 
screwed down, so that no steam can 
escape but through the valve v. 

Ch, What kind of a valve is it? 

Fa, It is a conical piece of brass, 
made to fit very accurately, but easily moveable by the steam 
of the water when it boils: consequently, in its simple state, 
the heat of the water will never be much greater than that of 
boiling water in an open vessel. A sted-yard is therefore 

♦ See ConTersation III. — Of Mechanioe. 
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fitted to it; and, by moving the weight w backwards or for- 
wards, the steam will have a lesser or greater pressure to 
overcome. 

JSm, Is the heat increased by confining the steam? 

Pa. You have seen that, in an exhausted receiver, water 
very far from being as hot as the boiling point will have 
every appearance of ebullition. It is the pressure of the 
atmosphere that causes the heat of boiling water to be greater 
in an open vessel than in one from which the air is exhausted. 
In a vessel exposed to condensed air, the heat required to 
make the water boil would be still greater. Now, by con- 
fining the steam, the pressure may be increased to any given 
degree. If, for instance, a force equal to 14 or 15 pounds be 
put on the valve, the pressure upon the water will be double 
that produced by the atmosphere, and of course the heat of 
the water will be greatly increased. 

Ch. Is there no danger to be apprehended from the bursting 
of the vessel? 

Fa, If great care be taken not to overload the valve, the 
danger is not very great. But in experiments made to 
ascertain the strength of any particular vessel, too great 
precautions cannot be taken. 

Under the direction of Mr. Papin, the original inventor, 
the bottom of a digester was torn off with a wonderful ex- 
plosion: the blast of the expanded water blew all the coals 
out of the fire-place; the remainder of the vessel was hurled 
across the room, and, striking the leaf of an oaken table, an 
inch thick, broke it in pieces. The least sign of water could 
not be discerned and every coal was extinguished in a mo- 
ment. 


QUESTIONS FOB EXAMINATION, 

To what was the steam-engine first very dangerous consequences ? — Can 
applied ? — Has Mr. liolton applied you recollect uny instances of this kind? 
this machine to any particular pui*- — Fof what is Papiu’s Digester used ? 
pose? — How is the power of the — How is it made? — Wliatkindofa 
ateam-engine estimated ? — To what | valve is used in the digester ? — Gan 
OSes is tlie steam-engine applied in i you. by the figure, show how the water 
Whitbread's brewery ? — When were is raised to any degree of heat ? — What 
locomotive engines first employed on | additional pressure is required to give 
railways ? — Distinguish between a » water a heat double that of boiling 
high-pressure and low-pressure engine. | water ? 

— Is not steam sometimes productive of ; 
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CONVERSATION XIX 

OF THE BAROMETER. 

Father, As these conversations are intended to make you 
familiar with all philosophical instruments in common use, 
as well as to explain the use and structure of those devoted 
to the teaching of science, I shall proceed with an account of 
the barometer, which, with the thermometer, is to be found 
in almost every house. I will show you how the barometer 
is made, without regard to the frame to which it is attached. 

A B is a glass tube, about 33 or 34 inches long, and 
a quarter of an inch in diameter, closed at the top; 
that is, in philosophical language, hermetically sealed: 
n is a cup, basin, or wooden trough, partly filled with 
quicksilver. I fill the tube with the quicksilver, and then 
put my finger upon the mouth, so as to prevent any of 
it from running out: I now invert tlie tube, and plungo 
it in the cup d. You see the mercury subsides three 
or four inches; and when the tube is fixed to a graduated 
frame, it is called a baromeier, or w^eather-glass ; and you 
know it is consulted by those who study and attend to the 
changes of the weather: the term barometer is derived from 
two Greek words, baros{i^apoQ), ‘‘weight,” and metr<m{jitTpov)^ 
“ a measure.” 

Em, Why does not all the quicksilver run out of the tube? 

Fa, I will answer you by asking another question. What 
is the reason that water will stand in an exhausted tube, 
provided the mouth of it be plunged into a vessel of the same 
fluid? 

Ch, In that case the water is kept in the tube by the 
pressure of the atmosphere on the surface of the water into 
which it is plunged. If you resort to the same principle in 
the present instance, why does the water stand 33 or 34 feety 
but the mercury only 29 or 30 inches? 

Fa, You must recollect that mercury is 14 times heavier 
than water. Therefore, if the pressure of the atmosphere 
will balance 34 feet of water, it ought, on the same principle, 
to balance only a 14th part of that height of mercury. Now 
divide 34 feet, or 408 inches, by 14. 
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Em. The quotient is little more than 29 inches. 

Fa, By this method Torricelli was led to construct the 
barometer. It had been accidentally discovered, that water could 
not be raised more than about 34 feet in the pump. Torricelli, 
on this, suspected that the pressure of the atmosphere was the 
cause of the ascent of water in the vacuum made in pumps, 
and that a column of water, 34 feet high, was an exact coun» 
terpoise to a column of air which extended to the top of the 
atmosphere. Experiments soon confirmed the truth of his 
conjectures. He then thought that if 34 feet of water were 
a counterpoise to the pressure of the atmosphere, that a column 
of mercury, as much shorter than 34 feet as mercury is heavier 
than water, would likewise sustain the pressure of the atmo- 
sphere. He obtained a glass tube for the purpose, and found 
his reasoning just. 

Ch, Did he apply it to the purpose of a weather-glass? 

Fa, No, for he died shortly after these experiments; and 
it was not till some time after this that the pressure of the air 
was known to vary at different times in the same place. As 
soon as that was discovered, the application of the Torricellian 
tube to predicting the changes of the weather immediately 
succeeded. 

Ch, A barometer, then, is an instrument used for measur- 
ing the weight or pressure of the atmosphere. 

Fa, That is the principal use of the barometer. If the air 
be dense, the mercury rises in the tube, and indicates fair 
weather: if it grows light, the mercury falls, and presages 
rain, snow, &c.* 

The average height of the mercury in the tube is called the 
standard altitude, which in this country fluctuates between 
28 and 31 inches; and the difference between the greatest 
and least altitudes is called the ^cale of variation; the most 
important matter in making a barometer is to get pure mer- 
cury, and a perfect exclusion of all atmospheric air; this is 
generally effected by boiling the mercury, and even when in 
the tube; it is also better for the diameter of the tube not to 
be too small, in order that it may be more susceptible to the 
changes of the atmosphere. 

Em, Is the fluctuation of the mercury different in other 
parts of the world? 


* See the rules at p. 870. 
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Fa. Within and near the tropics, there is little or no vari- 
ation in the height of the mercury in the barometer, in all 
weathers: this is the case at St. Helena. At Jamaica, the 
variation very rarely exceeds three-tenths of an inch; at 
Naples it is about an inch: whereas in England it is nearly 
three inches, and at Petersburgh as much as 3^ inches. 

Ch. The scale of variation is the silvered plate, which is 
divided into inches and tenths of an inch. But what do you 
call the moveable index? 

Fa, It is called a Vernier, from the inventor’s name; and 
the use of it is to show the fluctuation of the mercury to the 
hundredth part of an inch. The scale of inches is placed on 
the right side of the barometer tube; the beginning of the scale 
being the surface of the mercury in the basin. The vernier 
plate and index are moveable; so that the index may, at any 
time be set to the upper surface of the column of mercury. 

JEm. I have often seen you move the index; but I am still 
at a loss to conceive how you divide the inch into hundredth 
parts by it. 

'Fa, The barometer-plate is divided into tenths; the length 
of the vernier is eleven-tenths, but divided into ten equal 
parts. 

Ch, Then each of the ten parts is equal to a tenth of an 
inch, and a tenth part of a tenth. 

Fa, True: but the tenth part of a tenth is equal to a hun- 
dredth part; for you remember that to divide a fraction by any 
number is to multiply the denominator of the fraction by the 
number; thus, divided by 10 — 

Suppose the index of the vernier to coincide exactly with 
one of the divisions of the scale of variation, as 29’3? 

Em, Then there is no difficulty. The height of the baro- 
meter is said to be 29 inches and 3 tenths. 

Fa, Perhaps, in the course of a few hours, you observe 
that the mercury has risen a very little: what then will you 
do? 

Em, I will raise the vernier even with the mercury. 

Fa, And you find the index so much higher than tlie divi- 
sion 3 on the scale, as to bring the figure 1 on the vernier 
even with the second tenth on the scale. 

Em, Then the whole Iieight is 29 inches, 2 tenths, and one 
of the divisions on the vernier, which is equal to a tenth and 
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« hundredth; thit is, the height of the mercurj is 29 inches, 
8 tenths, and 1 hundredth, or 29*31. 

F(L J£ figure 2 on the vernier stand even with a division 
on the scale, how should you call the height of the mercury? 

Em. Besides the number of tenths, I must add 2 hundredths; 
;because each division of the vernier contains a tenth and a 
hundredth: therefore, I say, the barometer stands at 29*32; 
that is, 29 inches, 3 tenths, and 2 hundredths. 

Fa, Here is a representation: a is the 
upper part of a barometer tube; the quick- 
sUver stands at c: from 2 : to ar is part of the 
scale of variation; 1 to 10 is the vernier, 

'equal in length to 4-J^^hs of an inch, but di- 
vided into 10 equal parts. In the present 
position of the mercury, the figure 1 on the 
vernier coincides exactly with 29*5 on the 
scale; and, finding the index stand between 
the 6th and 7th divisions on the scale, I 
therefore read the height 29.61; that is, 29 
inches, 6 tenths, and 1 hundredth. 

Ch, I understand the principle of the 
barometer; but I want a guide to teach me how to predict the 
changes of the weather which the rising and falling of the 
mercury presage. 

Fa. I will give you rules for this purpose in a few days.* 

Em. What kind of a barometer is that having a large round 
dial-plate with an index. 

Fa. That kind is called a wheel-barometer^ but they are not 
considered so correct for philosophical purposes as the simple 
siphon barometer. In that kind there is a small weight of 
glass resting on the mercury, and nearly counterpoised by a 
thread passing over a wheel and supporting another weight: as 
the mercury falls or rises, so does the weight move which 
turns the wheel: to this wheel is attached the index hand 
which meets the eye, and marks the variations of the altitude 
of the mercury. 



Fig. 80. 


* See page 370. 
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QUESTIOKS FOR EXAMINATIOK. 


What is the construction of the baro« 
meter ? — How is it made ? — For what 
purpose is it used ? — What is the reason 
that water stands in a tube open at one 
end provided that end be plimged in a 
vessel of water ? — Why does water 
stand at 33 feet, but the mercury only 
29 or 30 inches ? — How much heavier 
is mercury than water ? — Who dis- 
covered the principle of the barometer ? 
— Did the inventor apply it to discover 
the changes in the state of the air ? — 


How would you define a barometer?-— 
When does the mercury rise, and when 
does it fall ? — What is meant by the 
standard altitude ? — What is the scale 
of variation ? — How much does the 
height of the mercury vary in this 
country ? — In what parts of the world 
is the variation of the mercury the least, 
and in what is it the greatest? — Of 
what use is the vernier f — Can yon 
explain its application ? 


CONVERSATION XX. 

OF THE BAROMETER, AND ITS APPLICATION TO 
THE MEASURING OF ALTITUDES. 

Charles. Pray, papa, is the height of the atmosphere 
known? 

Fa. If the fluid air were similar to water, which is every- 
where of the same density, nothing would be easier than to 
calculate its height. When the barometer stands at 30 inches, 
the specific gravity of the atmosphere is 800 times less than 
that of water;* but mercury is about 14 times heavier than 
water; consequently the specific gravity of mercury is to that 
of air as 800 multiplied by 14 is to 1; or mercury is 11,200 
times heavier than air. In the case before us, a column of 
mercury, 30 inches long, balances the whole weight of atmo- 
sphere: therefore, if the air were equally dense at all heights 
to the top, its height must be about 11,200 times 30 inches; 
that is, the column of air must be as much longer than that 
of the mercury as the former is lighter than the latter. Do 
you understand me? 

CA. I think I do: 11,200 multiplied by 30 gives 336,000 
inches, which are equal to miles nearly. 

Fa, That would be the height of the atmosphere, if it 
were equally dense in all parts: but it is found that the air« 
by its elastic quality, expands and contracts, and that at ^ 
m^es above the sur^e of the earth it is twice as rare as it 
See ConverMtion VI. 
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IS at the surface; at 7 miles it is 4 times rarer; at 10^ miles 
it is 8 times rarer; at 14 miles it is 16 times rarer; and 
so on according to the following 



TABLE. 



" 2* 
4 

lOi 

14“ 

17i 

21 

24^ 

128 J 

Miles above the sur- 
face of the earth the ” 
air is 

8 

16 
32 
64 
128 
^ 256.- 


times lighter than at the 
earth’s surface. 


V, if you were disposed to carry on the addition on one 
side, and the multiplication on the other, you would find that, 
at 500 miles above the surface of the earth, a single cubical 
inch of such air as we brCathe would be so much rarified as 
to fill a hollow sphere equal in diameter to the vast orbit of 
the planet Saturn. 

Em, Is it inferred from this that the atmosphere does not 
reach to any very great height? 

Fa, Certainly; for you have seen that a quart of air at the 
earth’s surface weighs but 14 or 15 grains; and by carrying 
on the above table a few steps, you w’ould perceive that the 
same quantity, only 49 miles high, would weigh less than the 
sixteenth-thousandth part of 14 grains; consequently, at that 
height, its density must be next to nothing. From experi- 
ment and calculation it is generally admitted that the atmo- 
sphere does not exceed 45 or 50 miles above the earth’s surface. 

Ch, By comparing the state of the atmosphere at the bottom 
and at the top of a mountain, could you perceive a sensible 
difference? 

Fa, We must not trust to our feelings on such occasions. 
The barometer will be a sure guide. I will not trouble you 
with calculations; but mention two or three facts, with the 
conclusions to be drawn from them. In ascending the Puy 
de Dome, a very high mountain in France, the quicksilver 
fell inches; and the height of the mountain was found, by 
measurement, to be 3204 feet. By a similar experiment upon 
Snowdon, in Wales, the quicksilver was found to have fallen 
inches at the height of 3720 feet above the surface of the 
earth. 
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From these and many other observations it is inferred that, 
in ascending any lofty eminence, the mercury in the barometer 
will fall every hundred feet of perpendicular 

ascent. This number is not rigidly exact, but sufficiently so 
for common purposes, and it wiU be easily remembered. The 
three following observations were taken by Dr. Nettleton, 
near the town of Halifax: 


Perpendicular 
altitude in feet. 

102 

236 

507 


Lowest station of 
the Barometer. 

29*78 

29*50 

30*00 


Highest station of 
the Barometer. 

29*66 

29*23 

29*45 


Diflerence. 

0*12 

0*27 

0*55 


Em, If I ascend a high hill, and, taking a barometer with 
me, find the mercury has fallen 1^-. inch, may I not conclude 
that the hill is 1,500 feet in perpendicular height? 

Fa, You may. Are you aware how great a pressure you 
are continually sustaining? 

Em, No; it never occurred to me. I feel no burden from 
it; therefore it cannot be very great. 

Fa, You sustain, every moment, a weight equal to many 
tons, which, if it were not balanced by the elastic force of 
the air within the body, would crush you to pieces. Tliis is 
well described by Mr. Lofft, 

** Inte^'fuil, balancing external force, 

Kemove the external, and, to atoms tom, 

Ouf dissipated limbs would strew t!ie earth : 

Remove the internal, in a moment crush’d 
By ^ater weight of the incumbent air. 

Than rocks by fabled giants ever thrown.** 

Ectdosia. 

Ch, We might, indeed, have inferred that it was consi- 
derable, from the sensation we felt when the air was taken 
from under our hands. But how, Papa, do you make out the 
assertion? 

Fa, When the barometer stands at 28*6, which is the mean 
pressure of the air upon every square inch, it is more than 
equal to 14 pounds. Call it 14 pounds for the sake of even 
numbers, and the surface of a middle-sized man is 14|- feet. 
Tell me now the weight he sustains. 

Ch. I must multiply 14 by the number of square inclies 
in 14^ feet. Now, there are 144 inches in a square foot. 

B B 
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eoBsequeiitiy, in 143 feet, there are 2,088 square inches: 
therefore, 14 pounds multiplied by 2,088 will give 29,232, the 
number of pounds weight which such a person has to sustain. 

Fa» That is equal to about 13 tons. Now, if Emma reckon 
herself only half the size of a grown person, she will sustain 
^ tons. 

Fm, What must tlie w^hole earth sustain? 

Fa. This you may calculate at your leisure. I will furnish 
you with the rule. 

“ Find the diameter of the earth,* from wliich you can 
easily get the superficial measure in square inches; and this 
you must multiply by 14, and you get the answer to the 
question in pounds avoirdupois.” 

The earth’s surface contains about 200,000,000 square 
miles; and as every square mile contains 27,876,400 square 
feet, there must be 5,575,080,000,000,000 square feet in the 
earth’s surface; which number, multiplied by the pressure on 
each square foot, gives the wdiole weight of the atmosphere. 

I will now give you some rules for judging of the state of 
the weather, w'hich are taken from writers who have paid the 
most attention to these subjects, and which my own obser- 
vaticms have in a great degree verified. 


1, Tlie rising of the mercury presages. In general, fair weather ; and its falling* 
fool wcHther ; as rain, snow, high winds, and storms. Wlien tlie surface of the 
mercury is convex, or stands higher in the middle than at the sides, it is a sign 
the mercuT}' is tlien in a rising state ; but if the surface be concave or hollow in 
the middle, it is then sinking. 

2. In very hot weather, the falling of the mercury indicates thunder. 

8. In winter, tlie rising presages frost: and in frosty weather, if the mercury 
falls tliree or four divisions, there will be a thaw. But in a continued frost, if the 
mercury rises, it will certainly snow. 

4. When foul weatlier happens soon after tlie depression of the mercury, 
expect but little of it : on the contrary, anticipate but little fair weather when it 
proves fair shortly after the mercury has risen. 

5. In foul weatlier, when the mercury rises much and high, and so continues 
for two or three days before the bad weather is entirely over, then a continuance 
of fair weather may be expected. 

6. In fair weather, when the mercusy falls much and low, and thus continues 
for two or three days before the rain comes, then much wet may be expected, 
and probably high winds. 

f .The unsettled motion of the mercury denotes unsettled weather. 

8. The words engraved on the scale are not so much to be attended to as the 
rising and falling of the mercury : for if it stand at wunh rain, and then rises to 
ehangeabie, it denotes fair weather, though not to continue so long as if tlie 


* See CoDTenaiioD VH. — Of Astronomy. Note p. 128 . 
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tnerea^ had risen higher. If the mercuir sUnds at fair, and falls to chaiigeal^ 
t . 4 weather may be expected. 

9. In winter, springi and autumn, the sudden falling of the mercury, and that 
for a large space, denotes high winds and storms ; but in summer it presages 
heary showers, and often thunder. It always sinks lowest of all for great winds, 
though not accompanied with rain ; but it falls more for wind and rain together -a 
than for either of them alone. 

10. If, after rain, the wind change into any part of the North, with a clear 
and dry sky, and the mercury rises, it is a certain sign of fair weather. 

11. After very great storms of wind, w'hen the mercury has been low, it com- 
monly rises again veiy fhst. In settled fair weather, except the barometer sink 
much, expect but little rain. In a wet season, the smallest depressions must 
be attended to ; for when the air is much inclined te showers, a little sinking in 
the barometer denotes more rain. And in such a season, if it rise suddenly fast 
and high, fair weather cannot be expected to last more than a day or two. 

12. The greatest heights of the mercury are found with easterly and north- 
easterly winds : and it may often rain or snow, the wind being in these points, 
while the barometer is in a rising state, the effects of the wind counteracting. 
But the mercury sinks for wind as well as rain in all other points of the compass. 


QUESTIONS FOB EXAMINATION. 


How is the height of the atmosphere 
discovered? — What is the specific gra- 
vity of the air when the barometer 
stands at 30 indies ? — Is the atmo- 
sphere equally dense at all heights? — 
What is the height of the atmosphere 
estimated at? — Is the barometer ap- 
plied to anything else besides that of 
showing the changes in the pressure of 
the atmosphere ? — IIow much ie it as- 
certained that the mercury of the baro- 
meter falls in ascending an eminence 
of 100 feet perpendicular ? - Can you 
repeat the lines from l^oift’s Eudosia 
which describe the pressure of the at- 
mosphere on the human body? — How 
much weight does a full-grown person 
sustain from the pressure of the at- 
mosphere ? ^ What does the rising of 


the mercury presage — What does its 
falling denote? — According as the 
mercury stands convex or concave, what 
weather may be expected ? — What 
docs the falling of the mercury indi- 
cate in very hot weather? — What does 
its rising indicate in winter ? — If the 
mercury rises in a continued frost, what 
may be expected ? — When may bad, 
and when fair weather be expected ? — - 
When may a continuance of fair wear 
ther be expected ? — When may much 
wet be expected ? — In examining the 
scale, what is to be attended to? — 
When may liigh winds, and when 
heavy showei** be expected ? — What 
is the sign of fair weather ? — On what 
occasions is the mercury the highest P 


CONVERS^ATION XXI. 

pP THE THERMOMETER. 

Father, As the barometer is intended to measure the dif^ 
^ent degrees of density of the atmosphere, so the thermo^ 
meter is designed to mark the changes in its tempei*atur^ 
with regard to heat and cold : like the term barometer it iE 

BB 2 
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derived from two Grreek words, thermos {Oepfioq^^ heat,” fUid 
meiran {furpov)y “ a measure.” 

Em* Is there any difference between the thermometer 
that is attached to the barometer, and that which hangs out of 
doors? 

Fa. No; they are both made by the same person, and on 
the same principle, and are intended to exhibit the same 
effects. But for the purposes of accurate observation, it is 
usual to have two instruments; one attached to, or near, the 
barometer, and the other out of doors; to which neither the 
direct nor reflected rays of the sun should ever come. Though 
my thermometers are both of the same construction, and such 
as are principally used in this country, yet there are others 
made of different materials, and upon different principles. 

Ch. Does not this thermometer consist of mercury enclosed 
in a glass tube fixed to a graduated frame? 

Fa. That is the construction of Fahrenheit’s thermometer: 
but when these instruments were first invented, about 200 years 
ago, air, water, spirits of wine, and then oil, were employed; 
but these have given way to quicksilver, which is considered 
as the best of all the fluids, being highly susceptible of expan- 
sion and contraction, and capable of exhibiting a more exten- 
sive scale of heat. Fahrenheit’s thermometer, invented about * 
1726, is chiefly used in Great Britain, and Reaumur’s, in- 
vented about 1730, is used on the continent. 

Em. Is not this the principle of the thermometer— that the 
quicksilver expands by heat, and contracts by cold? 

Fa. It is. Place your thumb on the bulb of the thermo- 
meter. 

Em. The quicksilver gradually rises. 

Fa. And it will continue to rise till the mercury find youp 
thumb are of equal heat. Now you have taken away your 
hand, you perceive the mercury is falling as fast as it rose before. 

CA. Will it come down to the same point at which it stood 
before Emma touched it? 

Fa. It will; unless, in this short space of time, there has 
been any change in the surrounding air. Thus the thermo- 
meter indicates the temperature of the air, or, in fact, of any 
body with which it is in contact. Just now it was in contact 
with your thumb, and it rose, in the space of a minute or two, 
from 56^ to 6^: had you held it longer on it, the mercury 
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would have risen still higher. It is now falling. Plunge it 
into boiling water,* and you will find that the mercury rises 
to 212®. Afterwards, you may place it in ice, in its melting 
state, and it will fall to 32^. 

Em. Why are these particular numbers fixed upon? 

Fa, You will not perliaps be satisfied if I tell you, that 
the only reason why 212 was fixed on to mark the heat of 
boiling water, and 32 to show the freezing point, was, because 
it so pleased M. Fahrenheit. This, however, was the case. 

Ch. I can easily conceive that, at the same degree of cold, 
water will always begin to freeze; but surely there are dif- 
ferent degrees of heat in boiling water, and therefore it should 
seem strange to have only one number for it. 

Fa. In an open vessel, boiling water is always of the same 
heat; that is, provided the density of the atmosphere be the 
same ; and though you increase your fire in a tenfold pro- 
portion, yet the water will never be a single degree hotter; 
for the superabundant heat, communicated to the water, files 
off in the form of steam or vapour. 

Em. But suppose you confine the steam? 

Fa, Before 1 should attempt this, 1 must be provided with 
a strong vessel, or, as you have seen under the description of 
the steam-engine, it would certainly burst. But in a vessel 
proper for the purpose, water has been made so hot as to melt 
solid lead. 

Ch, Will you explain the construction of the 
thermometer? 

Fa. A B represents a glass tube: the end a is blown 
into a bulb, and this, with a part of the tube, 
filled with mercury. In good thermometers the 
upper part of the tube approaches to a perfect 
vacuum, and of course the end b is hermetically 
sealed. If the tube be now placed in pounded ice, 
the mercury will sink to a certain point, a:, which 
must be marked on the tube; and on the scale 
opposite to this point 32 must be placed, which 
is called the freezing point. Then, if it be im- 
mersed in boiling water, this mercury will rise, and, _ 
after a few minutes, will become stationary. Against ng. zi. 

• Thia should be done veiy gradual]/, by holding it some time in the SteaBiji 
to prevent its breaking by the sudden heat. 
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the point to which it rises make another mark, and write on 
the scale 212, for the heat of boiling water. Between these 
points let the scale be divided into 180 equal parts. 

Em, Why 180 parts? 

Fa, Because you begin from 32; and if you subtract that 
number from 212, the remainder will be 180. Also below 32, 
and above 212, set off more divisions on the scale, equal to 
the others. The scale is finished when you have written 
against 0, called zero, extreme cold; against 32, freezing point; 
against 55, temperate heat; against 76, summer heat; against 
98, blood heat; against 112, fever -heat; against 176, spirits 
boil; and against 212 , water boils, 

Em. You said that the scale was to be divided higher than 
boiling water; but without mentioning the extent. 

Fa, The utmost extent of the mercurial thermometer, both 
ways, are the points at which quicksilver boils and freezes: 
beyond these, it can be no guide. Now, the degree of heat at 
'which mercury boils is 600, and it freezes when it is brought 
down as low as 39° or 40° below 0; consequently the whole 
extent of the mercurial thermometer is 640 degrees. 

Ch. I have been trying, Papa, to guess the derivation of 
the word hermetically^ which you have just used, and which 
you also used in describing the barometer; but I cannot. 

Fa. I dare say not; for there is a question as to its deriva- 
tion: it is thouglit to be derived from the Egyptian Hermes, 
who was considered the originator of chemistry, which from 
him was called the Hermetic art; wlience heating the neck of 
a glass tube so as to twist it till it is air-tight, is said to have 
applied the “ seal of Hermes,” or to he hermetically sealed: 
others derive it from the originator of the science of Al- 
chemy, which was also called the Hermetic art^ one Hermes 
Trismegistus, a man of doubtful existence. 


QUESTIONS FOR EXAMINATION. 

To what is the thermometer applied ? freezing point, and the point of boiling 
— How is it constructed ? — How were water ? — Is the heat of boiling water 
thermometers formerly made ? •— Upon always the same ? Look to flg. 81, 
f^at principle does the mercurial ther- and explain the construction an i gra- 
mometer depend? — What does the duation of the thermometer. — What is 
tbennometer indicate? — According to the utmost extent of the mereuilal 
8ahieniii4t*s thermometer, what is the I thennometer, and why ? 
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THE THERMOMETER — continued. 

Charles, Is quicksilver, when frozen, a solid metal, like 
iron and other metals? 

Fa. It is thus far similar to them, that it is malleable, or 
will bear hammering; and when it boils, it goes off in vapour, 
like boiling water, but much slower. Hence it has been 
inferred that all bodies in nature are capable of existing either 
in a solid, fluid, or aeriform state, according to the degree of 
heat to which they are exposed. 

Em. I understand that wafer may be either solid, as ice, or 
in its fluid natural state, or in a state of vapour or steam. 

Fa. I do not wonder that you call the fluid state of water 
its natural state, because we are accustomed in general to see 
it so; and when it is frozen into ice, there appears to us, in 
this country, a violence committed upon nature. But if a 
person from the West or East Indies, who had never seen the 
effects of frost, were to arrive in Great Britain during a severe 
and long continued one, such as formerly congealed the surface 
of the Thames, he might conclude, unless he were told to the 
contrary, that ice was some mineral, and naturally solid. 

Em. Does it never freeze in the East or West Indies? 

Fa. It seldom freezes, unless in very elevated situations, 
within 35 degrees of the equator. North and South: it scarcely 
ever hails in latitudes higher than 60°. In our own climate, 
and indeed in all others between 35° and 60°, it rarely freezes 
till the sun’s meridian altitude is less than 40 degrees. The 
coldest part of the 24 hours is generally about an hour before 
sunrise; and the warmest part of the day is usually between 
two and four o’clock in the afternoon. 

Ch. Are tliere no degrees of heat higher than that of boiling 
mercury? 

Fa. Yes; a great many. Brass will not melt till it is made 
more than six times hotter than boiling mercury: and to melt 
east iron requires a heat more than six times greater thw u 
required to melt brass. 
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Em. By what kind of tliennometer are these degrees of 
heat measured? 

Fa. The ingenious Mr. Wedgewood invented a thermo- 
meter for measuring the degrees of heat up to 32,277® of 
Fahrenheit’s scale. 

Ch. Can you explain the structure of his thermometer? 

Fa. All argillaceous bodies, or bodies made of clay, are 
diminished in bulk by the application of great heat. The 
diminution commences at a dull red heat, and proceeds 
regularly, as the heat increases, till the clay is vitrified, or 
transformed into a glassy substance. This is the principle of 
Mr. Wedgewood’s thermometer, and he divides it into 240®. 

Em. Is vitrification the limit of this thermometer? 

Fa. Certainly: the construction and application of this 
instrument is extremely simple; and it marks all the different 
degrees of ignition from the red heat, visible only in the dark, 
to the heat of a wind furnace. It consists of two rulers fixed 
on a plane, a little farther asunder at one end than at the 
other, leaving a space between them. Small pieces of alum 
and clay, mixed together, are made just large enough to enter 
at the wide end: they are then heated in the fire with the 
body, whose heat is to be ascertained. The fire, according 
to its heat, contracts the earthy body, so that, being applied 
to the wide end of the gauge, it will slide on towards the 
narrow end, less or more, according to the degree of heat to 
which it has been exposed.* 

Each degree of Mr. Wedgewood’s thermometer answers to 
130 degrees of Fahrenheit; and he begins his scale from red- 
heat fully visible in daj’light, which he found to be equal 
to 1077.5® of Fahrenheit’s scale, if it could be carried so high; 
but the instruments for measuring the heat of furnaces, &c., 
are called pyrometerSy which we shall describe more at large 
presently. 

In the next page is a small scale of heat, as it is applicable 
to a few bodies. 

• We lui«^e, in the former parts of thU work, observed, that all bodies are ex- 
panded by heat. The diminution of the argillaceous substances made use of by 
Mr. Wedgewood appeara to be an exception ; but as the contraction of these 
does not commence till they are exposed to a red heat, it may probably be to- 
counted for, from the expulsion of the fluid particles, rather than from any real 
contraettofi in tbe solids. 



THE THEEMOMETEB. 


m 


SCALE OF HEAT. 


Extremity of Wedgewood’s scale 

Cast iron melts 

Fine gold melts 

Fine silver melts 

Brass melts 

Bed heat visible by day 

Mercury boils 

( Lead melts 

Bismuth melts 

Tin melts 

Milk boils 

Water boils 

Heat of the human body 

Water freezes 

Milk freezes 



A mixture of snow and salt sinks the thermometer to... 


Mercury freezes. 


Fahrenheit. 
32,277® 
21,877 
6,237 
4,717 
8,807 
1,077 
000 
640 
400 
408 
213 
212 
92 to 97 
32 
30 
0 


Ch. You said that Reaumur’s thermometer was chiefly used 
abroad. What is the difference between that and Fahren- 
heit’s? 

Fa. Reaumur places the freezing point at 0, or zero; and 
each degree of his thermometer is equal to 2^ or f degrees of 
Fahrenheit’s. 

Em. What does he make the heat of boiling water? 

Fa. Having fixed his freezing point at 0, and making one 
of his degrees equal to 2\ of Fahrenheit, the heat of boiling 
water must be at 80®. 

Ch. Let me see. The number of degrees between the 
freezing and Ixiiling points on Fahrenheit’s thermometer is 
180, which divided by 2^, or 2.25, gives 80 exactly. 

Fa. You have here a rule, by wdiich you may always 
convert the degrees of Fahrenheit into those of Reaumur. 

Subtract 32 from the given number, and multiply by the 
fraction Tell me now, Emma, what degree on Reaumur’s 
scale answers to 167° of Fahrenheit. 

Em. Taking 32 from 167, there remains 135, which, 
multiplied by 4, gives 540; and this divided by 9 gives 60, 
So that 60° of Reaumur answer to 167° of Fahrenheit. 

Ch. How shall I reverse the operation, and find a number 

• If these three metals be mixed together by ihsion in the proportion of 8,9i 
and 3, the mixture WiU melt at a temperature beiow that of boiling water. 
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on Fahrenheit’s scale that answers to a given one on 
Reaumur’s? 

Fa. Multiply the given number by the fraction and add 
32 to the product. Tell me what number on Fahrenheit’s 
scale answers to 40 on Reaumur’s. 

Ch. If I multiply 40 by 9, and divide the product by 4, I 
get 90; to which if 32 be added, the result is 122: this answers 
to 40 on Reaumur’s scale. But what is a register-thermometer^ 
Papa? 

Fa, Register-thermometers are those that indicate how 
high or how low the thermometer has risen or fallen: they 
are very useful in hot-houses, and for ascertaining the tem- 
perature during the night. One invented by Mr Six, of 
Colchester, has a small index of iron wire capped with enamel, 
which lies in the vacuum of the tube, upon the mercury, and 
as far as the mercury rises, the index is pushed on, and 
when the mercury retires, the index is left at the extreme 
height it may have risen during the night: it is re-set by 
applying outside a magnet, which attracts tlie iron wire, and 
enables you to draw it down to the mercury. Tlie one 
invented by Dr. Rutherford lies in the spirit, which he uses 
instead of mercury, and which marks how' low the spirit has 
fallen, where it remains; this is re-set by inclining the ther- 
mometer, so that the index may run down to the edge of the 
spirit. These thermometers are horizontal in their construc- 
tion. 


QUESTIONS FOR EXAMINATION, 


Can quicksilTer be compared with 
other metalg ? — Are all b^es in na- 
ture capable of existing in the solid, 
ilaid, a^ aeriform state? — In what 
parts of the earth does it rarely if ever 
freeze? — Under what circumstances 
does it seldom freeze here ? — What is 
the coldest, and what is the warmest 
part of the 24 boors? — Does brass 
require a great heat to melt it ? ^ Can 
beirt higher than boiling mercury be 
ascertained by any mode ? — What is 
tbs construction of Wedgewood's ther- 


: mometcr ? — How is it used? — To how 
I many degrees of Fahrenheit does one 
i of Wedgewood’s answer ? — What is 
the difference between Reaumur's and 
Fahrenheit’s thermometer? — How 
many degrees of Fahrenheit make one 
I of Reaumur’s?— What is tiie rule for 
i converting the degrees of Fahrenheit 
into those of Reaumur? — How is the 
operation reversed and the degrees on 
Reaumur converted into those of Fah- 
renheit? 
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CONVERSATION XXIIL 

OF THE PYROMETER AND HYGROMETER. 

Father, To make our description of philosophical instru- 
ments more perfect, I shall to-day show you the construction 
and uses of the pyrometer and hygrometer, and conclude to- 
morrow with an account of the rain-gauge. 

Em, What do you mean by a pyrometer? 

Fa, It is a Greek word, com- 
pounded of pyr (TTvp), “ fire,” and 
metron (fji£rpov\ a measure,” 
and signifies a fire-measurer. 

The pyrometer is a machine for 
measuring the expansion of solid 
substances, particularly metals, by 
heat. This instrument will render the smallest expansion 
sensible to the naked eye. 

Ck, Is all this apparatus necessary for the purpose? 

Fa, This, as far as I know, is one of the most simple 
pyrometers; and, as it admits of an easy explanation, I have 
chosen it in preference to a more complicated instrument, 
which might be susceptible of greater nicety. 

To a flat piece of mahogany, a a, are fixed three studs, b, 
c, and D, and at b there is an adjusting screw, p; H f is a 
lever, turning very easily on the pivot x; and L s is an index 
turning on l, and pointing to the scale m n; r is part of a 
watch spring, fixed at y, and pressing gently upon the index, 
L s. Hci^re is a bar of iron, at the common temperature of the 
surrounding air: I lay it in the studs c and d, and adjust the 
screw p so that the index l s may point to 0 on the scale. 

Ch, The bar cannot expand without moving the lever p 
H ; the crooked part of which pressing upon L s, that also will 
be moved if the bar lengthens. 

Fa, Try the experiment. Friction, you know, produces 
heat. Take the bar out of the studs; rub it briskly; and then 
replace it. 

Fm,^ The index l s has moved to that part of the scale 
which is marked 2: it is now going back. How do you cal- 
culate the length of the expansion? 

Fa, The bar pressed against the lever f h at p, and that 
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again presses against I4 s at l; and hence they both act aa 
levers. 

CK And they arc levers of the third kind; for, in one case, 
the fulcrum is at ar, the power at f, and the point 2; to be 
moved may be considered as the weight: in the other, l is the 
fulcrum, the power is applied at r, and the point s is to be 
moved.* 

Fa, The distance between the moving point F and H is 20 
times greater than that between x and f: the same proportion 
holds between l s and l r: from this you will get the spaces 
passed through by tlie different points. 

Em, Then, as much as the iron bar expands, so much 
will it move the point f, and of course the point z will move 
20 times as much; so that if the bar lengthen -j^th of an inch 
the point z w'ould move -f-g^ths, or two inches. By the same 
rule the point s will move through a space 20 times as great 
as the point r. 

Fa, There are two levers, then; each of wdiich gains power 
or moves over spaces in the proportion of 20 to 1 ; conse- 
quently, when united, as in the present case, into a compound 
lever, we multiply 20 by 20, which make 400; and therefore, 
if the bar lengthen -j^th of an inch, the point s must move 
over 400 times that space, or 40 inches. But, suppose it 
only expands y^i^th part of an inch, how much will s move? 
Ch, One inch. 

Fa. But every inch may be divided into tenths, and conse- 
quently, if the bar lengthen only the - ^ o-o -yth part of an inch, 
the point s will move through the tenth part of an inch, which 
is very perceptible. In the present case, the point s has 
moved two inches; therefore the expansion is equsd to ^^ths, 
or ^^th part of an inch. An iron bar, three feet long, is 
about 7’^th part of an inch longer in summer than in winter. f 
Ch, 1 see that by increasing the number of levers, you 
might carry the experiment to a much greater degree of 
nicety. 

Fa, Certainly: pyrometers are of various forms, but the 
most perfect are those of Ferguson, De Sue, and Bamsden; 

• For an account of the different lereni, see Conrersation XV. and XVI. of 
Mechanics. 

f The ratio of expansion of metallic rods of the same diameter, placed in boQ- 
fngwater. is found to be, in brass 94,iitm 73, lead 164, and silver 31. 
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to these may be added that of Wedgewood previously de- 
Bcribed, and the platina pyrometers of Morveau, and of Pro- 
fessor Daniell. Well; let us now proceed to the hygrometer, 
which is an instrument contrived lor measuring the different 
degrees of moisture in the atmosphere, it is derived from the 
Greek hygros (uypoc), moist,” and metron (juTpov\ ** a mea- 
sure,” 

Em, I have a weather-house, which I bought at the fair, 
tells me this: for if the air is very moist, and thereby denotes 
wet weather, the man comes out; and in fair weather, when 
the atmosphere is dry, the woman makes her appearance. 

Ch, How is the weather-house constructed? 

Fa, The two images are placed on a kind of lever, which 
is sustained by catgut; and catgut is very sensible to 
changes of the atmosphere, twisting and shortening by 
moisture, and untwisting and lengthening as it becomes dry. 
On the same principle is constructed another 
hygrometer, a b is a catgut string, suspended 
at A with a little weight b, that carries an index 
c, round a circular scale, d e, on an horizontal 
board or table: for as the catgut becomes moist, 
it twists itself, and untwists when it approaches 
to a dry state. 

Em, Then the degrees of moisture are shown 
by the index, which moves backwards and forwards by the 
twisting and untwisting of the catgut. Do all kinds of string 
twist with moisture? 

Fa, Yes. Take a piece of common packthread, and on it 
suspend a pound weight in a vessel of water, and you will see 
how soon the two strings are twisted round one another. 

Ch, I recollect that the last time the lines for drying linen 
were hung out in the garden, they appeared to be much looser 
in the evening than they were next morning; so that I thought 
some person liad been altering them. A sudden shower of 
rain has produced the same effect in a striking manner. 

Em, Sometimes when sudden damp weather has set in, 
the string of the harp has snapped when no person has been 
near it. 

Fa, These are the effects produced by the moisture of the 
air: the damp of night always shortens Hair and hempen lines: 
and, owing to the changes to which the atmosphere in our 
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climate is liable, the harp, violin, &c., that are put in tune one 
day, will need some alteration before they can be used the 
next. 


Here is a sensible and very simple hygro- 
meter: it consists of a piece of whipcord, 
or catgut, fastened at a, and stretched over nCt 
severfd pulleys, b, g, d, e, f: at the end is 
a little weight, w, to which is an index jT© 
pointing to a graduated scale. 

Ch. Then, according to the degree of 34 

moisture in the air, the string shortens or 
lengthens, and of course the index points higher or lower. 

Fa, Another kind of hygrometer consists 
of a piece of sponge, e, prepared and nicely 
balanced on the beam a? 3^, and the fulcrum ^ j|^ ^ 

Zy lengthened out into an index pointing to {i^~ ^ 

a scale, a c. ^ 

Fm, Does the sponge * imbibe moisture 
sufficiently to become a good hygrometer? 

Fa, Sponge of itself will answer the purpose; but it is made 
much more sensible in the foUowing manner. 

After the sponge is well washed from all impurities, and 
dried again, it should be dipped into >vater or vinegar, in which 
common salt, salt of taiiar, or almost any other sdt, has been 
dissolved, and then suffered to dry, when it should be accu- 
rately balanced. 

Ch. Do the saline particles in damp weather imbibe the 
moisture, and cause the sponge to preponderate? 

Fa. They do. Instead of sponge, a scale may be hung at 
£, in which must be put some kind of salt that has an attrac- 
tion for the watery particles floating in the air. Sulphuric 
acid may be substituted for salt; but this is not fit for your 
experiments; because were you to spill a little it would destroy 
your clothes; otherwise it makes a very sensible hygrometer. 

Em, I have heard the cook complain of the damp weather, 
when the salt becomes wet by it. 


Fa. 1 dare say you have; the salt-box in the kitchen is not 
a bad hygrometer: yet for accurate observations, neither deli- 
quescing salts^ nor any absorbing substances, nor the torsion 
or twisting of cords or fibrous matter, are to be relied on. Nei- 
ther Saussure’s hygrometer of a human hair properly preparedt. 



THB HT6B0METEB. 


S 82 a 


nor i)e Luc’s hygrometer of a thin pieoe of whalebone^ both 
of which act by absorption, have been proved to answer. 
The above means give rough indications of variations in 
the humidity of the air ; but the principle of condensation 
has been proved to be much more efficient ; and you gave me 
the other day, when it was so oppressively hot, an exact 
illustration of it. You remember then asking for a glass ol 
cold spring water ; and a little while after it was placed on 
the table, the outer surface of the glass became covered with 
a heavy dew or vapour. 

Ch. What was the cause of this, papa ? 

Fa, The higher the temperature, the greater the amount 
of water air can hold in solution. The water was colder 
than the air, and reduced its temperature to that point at 
which it became saturated ; hence it began to deposit the 
vapour which it contained. This temperature is called the 
dew-point^ because it is that at which dew begins to be 
formed. We can at any time determine the dew-point of the 
air, by placing some "water of the same temperature as the 
air in a glass, adding ice-cold water in small quantities at a 
time, and noting the exact degree at which a thermometer 
immersed in the water stands, at the very moment at which 
the dew begins to form upon the outside of the glass. The 
dilFtjrence, then, between the temperature of the air and that 
of the water in the glass, when the dew begins to be formed, 
will afford an indication of the dryness of the air, or of its 
remoteness from the state of complete saturation ; and as 
tables have been composed, showing the quantity of water 
present in the air at different dew-points, the simple deter- 
mination of the latter will enable us at once to ascertain this 
quantity. 

Ch, Is the dew which is deposited upon our grass-plat of 
the same origin as that upon the glass? 

Fa, It is. During the day the earth receives heat from 
the sun, but during the night it gives off this heat by radia- 
tion to the sky, and thus reduces the temperature of the air 
with which it is in immediate contact to its dew-point. The 
amount of dew deposited is proportionate to this cooling 
process ; thus, in cloudy nights, when the free cooling of the 
surface of the earth is prevented by the clouds, which reflect 
the heat again towards the earth, but little dew is formed ; 
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wbilsl, in detr nightti the quAntity of it U larirey on acoount 
of the much greater r^uction of temperature from the more 
free radiation* 

CKu 1 have heard of DauieWs hygrometer — how does this 
act? 

Fa. Upon the principle of condensation, which we saw 
exemplified in the case of the glass of water. The instru- 
ment consists of a bulb of black 
glass a connected to another bulb c 
by a bent tube. Enough sulphuric 
ether to fill three-fourths of the e 
ball a is introduced into it; a delicate 
thermometer is fixed in the limb a b; 
and as much of the atmospheric air 
as possible is expelled from the tube 
before it is closed when made. The 
bulb e is covered with muslin; the 
whole is supported upon a brass stand 
d e, to which another delicate thermo- 
meter is attached. The instrument is used thus : the ether 
is first collected in the bulb a by inclining the tube, so that 
this bulb is held lowermost; it is then placed upright, the 
temperature of the surrounding air is noted in the outside 
thermometer; ether is next poured upon the muslin at c, and 
the cold resulting-from its evaporation causing condensation of 
the vapour of the ether within the bulb, produces rapid 
evaporation from a, by which the temperature of the ther- 
mometer within it is lowered; and when the black bulb 
is thus cooled to the dew-point, a film of condensed vapour is 
deposited upon the bulb. The temperature then indicated by 
the thermometer within a at the instant at which the dew 
begins to be deposited forms the dew-point. 

Ch. What is the wet-bulb hygrometer ? 

Fa. Thb form of instrument consists of two delicate ther- 
mometers placed side by side, the bulb of one of which is 
covered with muslin ; this is tied round the bulb, and the 
end of the strip allowed to hang into a little glass vessel 
filled with water. Evaporation then goes on from the muslin 
covering the bulb, but this does not become dry, because 
more water ascends by capillary attraction through the 
muslin, to replace that lost. As the evaporation continues, 
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the tcnipcMitiire of tko tbomioiiiotor becomof lowcfod fcy %h^ 
cold produced. Presently the dttiitfiiiti<m of temperntum 
atlHins Its maximum. *1^0 difTerence between itie beighta 
oi the two thermometers indicates the comparative states of 
dryness'of the air. If the air be moist, leas evaporation wiQ 
take place, and the depression of temperature of the ther- 
mometer in the wet bulb will be but slight; whilst, if the air 
be very dry, the evaporation will be very great and rapid, 
and the dindnution of temperature great also. 


QUESTIONS FOR EXAMINATION. 


What do you mean by a pyrometer? 
— Explain the structure and use of that 
represented by fig. 32. — For what is 
the hygrometer used?-— Urx)n what 
principle does the common weather- 
house act? — Can you tell how the 
hygrometer (fig. 33) acts ? What 
effect has moisture on pack-thread, cat- 
gut, &c. ? — Sliow me how the hygro- 
meter (fig. 34) acta. — Uow caa eponge 


be made into an hygrometer?— How is 
the principle of condensation applied to 
hygrometry?— What is meant by the 
dew-point? — How is the dew-point 
determined ? — How is dew formed ?— 
What is the principle of Danieira hy- 
grometer?— What is the wet-bulb hy- 
grometer? — Explain to me the prin- 
ciple of this? 


CONVERSATION XXIV. 

OF THE RAIN-GAUGE. 

Father, AVe will now describe the rain-gauge, an instru- 
ment intended to show the height or quantity of rain tha^ 
falls in any particular place; it has various names given it by 
scientific men; as the Ombrometer, Greek om&rog 

(o/xf3pfn.), “rain or a shower,” and nietron (nerpoy), “a 
measure;” or the Pluviometer, from the Latin “rainy;” 

or the Udometer, from the Latin %idus, “ wet.” 

Ch, Dnes the rain-gauge measure accurately the quantity 
of rain that falls ? 

Fa, It shows the height to vrhich the rain would rise on 
the place where it is fixed, if there were no evaporation, and 
if none of it were imbibed by the earth. The one 
we had consisted of a funnel, a communicating with 
a cylindric tube b. The diameter of the funnel was 
exactly 12 inches, and that of the tube was 4 inches. 

Tell me, Emma, what proportion the area of the 
formet has to that of the latter. 


Fig. ss. 
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Em, I remember that all plane surfaces bear the same 
proportion to one another as are the squares of their dia- 
meters. Now the square of 12 is 144, and the square of 
4 is 16; therefore, the proportion of the area of the funnel is 
to that of the tube as 144 to 16. 

Fa. But 144 may be divided by 16 without leaving a re- 
mainder. 

Ch. Yes; 9 times 16 make 144; consequently, the pro- 
portion is as 9 to 1 ; that is, the area of tlie funnel is 9 times 
greater than that of the tube. 

Fa. If, then, the water in the tube be raised 9 inches, the 
depth of rain fallen will, in the area of the funnel, which 
is the true gauge, be only one inch. 

Em. Does the little graduated rule mark the rise? 

Fa. Yes, it does. It is a floating index, divided into 
inches. 

Em. If, then, the float be raised one inch, is the depth of 
water reckoned only ^th of an inch? 

Fa. Yes: and each nine inches in length being divided into 
100 equal parts, the fall of rain can be readily estimated to the 
gixfth part of an inch. Rain-gauges should be varnished or 
well painted, and as much water should be first poured in as 
will raise the float to such a height that the 0, or zero point 
on the ruler, may coincide with the edge of the funnel. 

Ch. This is not like your present rain-gauge. 

Fa. That which I now use, though somewhat more difficult 
of explanation, is a much cheaper instrument; it may be made 
without the bottle, for a single shilling. It consists of a tin 
funnel; the area of the top of which is exactly 10 square 
inches, and the tube, about 5 or 7 inches long, passes through 
a cork fixed in a quart bottle. 

Em. Is there any particular proportion between the area 
of the funnel and that of the bottle? 

Fa. No, it is not necessary; for in this the weight of the 
rain is calculated by its weight compared with the area of the 
funnel, which is known. For every ounce of water, I allow 
173 parts of an inch for the depth of the rain fallen. Thus, 
the last time I examined the bottle, I found that the water 
weighed exactly 6 ounces; and 6 multiplied by 173 gives 
1038; that is, the rain fallen in the preceding month was equal 
to rather more than an inch in depth. In the month of Juno 
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the rain collected in tlie gauge weighed 11^ ounces, which is 
nearlj equal to 2 inches in depth. 

Ch. Pray explain the reason for multiplying the numbei^ 
of ounces by the decimals *173. 

Fa, Every gallon of pure rain water contains 231 cubic 
inches, and weighs 81b. 5 oz. ^ avoirdupois; consequently 
every ounce of water is equal to *173 cubic inches; but the 
area of the funnel is 10 square inches, and lO multiplied by 
•173, the depth of the rain fallen, is equal to 1*73. 

You have now a pretty full account of all the instruments 
necessary for judging of the state of the weather, and for 
comparing, at different seasons, the various changes as they 
happen. 

Em, Yes; the barometer^ informs us of the weight or den- 
sity of the atmosphere; the thermometer^ shows its heat; the 
hygrometer^ what degree of moisture it contains; and by the 
rain-gatige we learn how much rain falls in a given time. 

Fa. The rain-gauge must be fixed at some distance from 
all buildings which might in any way shelter it from driving 
winds; and the height at which the surface of the funnel is 
from the ground must be ascertained. 

Ch. Does it make any difference in the quantity of rain 
collected if the gauge stands on the ground or some feet above 
it? 

Fa. Very considerable: as that which I have described is 
a cheap instrument, one may be placed on the top of the house, 
and the other on the garden wall; and you will find the dif- 
ference much greater than you would imagine. 


QUESTIONS FOR EXAMINATION. 


For what purpose is the rain-gauge 
used ? — How does that act which is 
represented in fig. 36?— What pro- 
portion do all plane surfaces bear to 
one another?— • How is the rise of the 
water noted ? — To what degree of ao- 
ouracy can the quantity of rain be 
measured? — Can you explain the 
•traotore of the other rain-^auge? — 


Name the different instruments used in 
comparing the changes of the atmo- 
sphere. — How should the rain-gange 
be fixed ? — Is there any difference in 
the quantity of rain collected, whether 
the gauge stand on the ground or on a 
building considerably atere the surftea 
of the earth? 
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or TU UUkJXOiQ OEFXK1TIOK8 IN PNSOBCATXCS, WBEIOH IT 18 

BBCOMMENDBD THAT THE PtIPIES AHOUED COMMIT TO MEMOET. 

PNEUMATICa 

I. Th« science of JPneimiatics treats of the mechanical properties of air. 

8« Air is a solid and material substance as well as water and other fluids. 

8 . The invisibility of the air is owing to its transparency. 

4. Air possesses weight, compresdbility and elasticity. 

5. The pressure of the atmosphere is equal to the pressure of a column ot water 
89 or 89 feet high, or to a column of mercury about SO inches high. 

8. Hie Tonic^an experiment prov«i there is no such thing as suctioai. 

7. The pressure of the air is shown by various experiments. 

8. The weight of the air is demonstrated by experiments. 

9. The density and elasticity of the air are in proportion to the Ibiee that 
eompresaes it. 

10. The elasticity of the air in the human body is shown by experiments on 
the air-pump. 

II. He operatkm of cupping depmkbi on the elastielty of the air in the body. 

13. The density of the air diminishes upwards. 

18. The air-pump is a machine for exhausting the air from veasdis. 

14. A vacuum is a qiaoe emptied of air. 

18. Aitifleial fbuntains are made by means of compressed air. 

18. The height to which artificial fbuntains ascend depends on the quantity 
wf air forced into the vessel. 

17. The ascent of smoke and vapours depends on the density of the air. 

18. A piece of cork and a piece of lead exactly balanced in the air, being 
Introduced under the receiver of an air-pump, and the air taken away, the cork 
wfl] appear the heaviest body. 

19. The effects of the air-gun depend on the elasticity and compression of 

flir. ^ 

90. Air-guns will answer the same purposes as fowling-pieces. 

91. The air presses upon every body immersed in it, and on every side. 

99. Air Is the medium of sound, and sound is increased in proportion to the 
density of the air. 

23. Hiunder is produced by the concussion of two bodies of air. 

94. All sonorous bodies are elastic, and their parts are made to vibrate by 
percussion. f 

28. The vibrations of a bell are invisible. 

24. Sound can be heard at a great distance when It passes over water. 

97. Sound travels at the rate of 1142 feet in a second of time: hence is easily 
fibund the dtstanoe of a storm when accompanied by thunder and lightning, or 
the distance of a eldp in distress by the firing of her guns. 

98. Sound is the eifeet produced on the ear by the undulations of the air. 

98. When these undulations strike against any surfhoe adapted to the puipeea^ 
9mA aierefleeled hadt; an echo is produced. 

80 . For an echo to be heard, the ear must be in a line of reflection. 

81 . There een be no echo unless the direct and reflected sounds fifllow cna 
WBOther at a tnflident interval of time. 

89. FOr an echo to be distinct, the reflected soond must travd ovwr, a8 kaai 
297 feet more than the direct 

88 . If many qrllables are to be repeated, the distance must be iuereased la 
flupoctiQii to dm number of cyllaUes . 
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84. The echo hu been applied io the measuring of Inaccessible distances. 

85. Water is the best conductor of sound, and next to this is stone. 

3G. Wood is sonorous, and produces a most agreeable tone, which renders it 
•0 well adapted for musical instruments. 

87. The notes upon a violin depend upon the different lengths of the strings, 
which are varied by the fingers of the musician. 

88. All the strings of an Eolian harp will, if set to the same note, vibrate b/ 
striking one only. 

88. Air in motion constitutes wind. 

iO. The principal cause of wind is heat communicated by the sun. ^ 

41. The smoke-jack acts by the force of the air of the room, which being rare- 
fied ascends the chimney and strikes upon the vanes of the jack. 

42. The direction of the wind is denominated ih>m that quarter firom which 
it blows. 

48. There are three kinds of winds : the constant, the i)eriodical, and the va- 
riable. 

44. On the sea-coasts between the tropics the wind blows towards the shore 
in the day, and towards the sea by night. 

45. Machines used for measuring the force of the wind are called wind-gangee. 

46. The force of the wind increases as the square of the velocity. 

47. Barometers acre instruments for measuring the weight or pressure of the 
atmosphere. 

48. The Torricellian vacuum is the empty space in the upper part of the 
barometer tube. 

. 49. The standard altitude of the mercury fluctuates in this country between 
^98 and 81 inches. 

50. Within and near the tropics there is but little variation in the height of tbo 
mercury of the barometer in all weathers. 

51. The vernier is an instrument to show the fluctuation of the mercury to tho 
hundredth part of an inch. 

52. Air is about 800 times lighter than water. 

58. The barometer has been applied to the measuring of altitudes. 

54. A common sized ^ppson bears from the pressure of the air a wei|^t eqoal 
to nearly 18 tons. 

55. The thermometer is intended to mark the changes In the temperature of 
the atmosphere. 

56. The mercuiy or other fluids used as thermometen erq^and by heat and 
contract by cold. 

57. All bodies in nature are capable of existing in a solid, fluid, and aerilbrm 
state. 

58. Wedgewood’B thermometer is intended to measure tboae degrees of heat 
which are above boiling mercury. 

59 . Each degree of Keaumur’s thermometer is equal to 2^ of Fahrenheit's. 

60. The pyrometer is a machine*for measuring the expansion of solid sub- 
stances by heat, and is contrived to mark the smallest expanstons possible. 

61. The hygrometer is an instrument contrived to measure different degrees of 
acdsture in the atmosphere. 

62. The rain-gauge measures the quantity of rain fltilea on one particular 6pot 
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OPTICS. 

FIRST CONVERSATION. 


INTRODUCTION OP LIGHT THE SMALLNESS OP ITS PAR- 
TICLES — THEIR VELOCITY THEY MOVE ONLY 

IN STRAIGHT LINES. 


FATHER CHARLES JAMES. 

Charles, When we were on the sea, you told us lihat you 
would explain the reason why the oar, which was straight 
wlien it lay in the boat, appeared crooked as soon as it wa# 
put into the water. 

Fa. I did: but it requires some previous knowledge before 
you can comprehend the subject. It would afford you but 
little satisfaction to be told that this deception was caused by 
the different degrees of Refraction which take place in water 
and in air. 

Ja. What do you mean by the word refraction? 

Fa, Refraction is a term frequently used in the science of 
optics; and this science depends whoUy on light, 

Ja. What is light? 

Fa. It would, perhaps, be difficult to give a direct answer 
to your question, because we know nothing of the nature of 
light, but by the effects which i% produces. In reasoning, 
however, on this subject, it is generally admitted, that light 
consists of inconceivably small particles, which are projected, 
or thrown off, from a luminous body with great velocity, in 
all directions. 

Ch. But is it true that light is material^ that is, composed 
of particles of matter? 

Fa. There is no proof, indeed, that light is material^ or 
composed of particles of matter; and therefore I said it waa 
generaUyf not universally^ admitted to be so: the nature of 
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light has been the groundwork of two very great theories, 
one termed the Undulatary Theory^ and the other the Cor- 
puseular Theory. The former supposes light to consist of the 
undulations of the particles of some elastic and extremely 
rare medium, as ether, which pervades the whole universe; it 
obtained the support of Descartes, Hooke, Huygens, and Young, 
and of late years has been revived. You will understand how 
the particles of the ether move in undulations or waves, by 
recollecting the particles of water in the sea or a river, when set 
in motion by the wind ; .or the ears in a field of ripe com, when 
they are acted upon by the same agent. The Corpuscular 
Theory TQ&xAte^ from the immortal Newton, who, in 1672, con- 
sidered light to consist of inconceivably minute particles, in 
Latin corpusculum^ a small body or atom,” perfectly material, 
though extremely subtile, passing with immense velocity, 
nearly 200,000 miles in a second, from luminous bodies into 
the eye ; this theory is the base of the present system of 
Optics, and exclusively prevailed till lately. 

Ja. Does not the light come from the sun in a somewhat 
similar manner that it does from a candle ? 

Fa. We may suppose so; but there appears to be a great 
difference between the two bodies. A candle, whether of 
wax or tallow, is soon exhausted; but philosophers have never 
been able to observe that the body of the sun is at all di- 
minished by the light which it incessantly pours forth. 

Ja. You say incessantly; but we see it only by day. 

Ch. That is because the part of the earth which we in- 
habit is turned away from the sun during the night: but our 
midnight is mid-day to some other parts of the earth. 

Fa. You are right, Charles: besides, you know that the 
Sun is not intended merely for the benefit of this globe, but is 
the source of light and heat to twenty-two other planets and 
eighteen moons belonging to them. 

Ch. You have included, I perceive, the more recently dis- 
covered little planets, denominated Asteroids. 

Fa. I will therefore now inform you that the sun to these 
is the perpetual source of light, heat, and motion; and to more 
distant worlds it is a fixed star, apj^earing to some as large as 
Arcturus; to others no larger than a star of the sixth mag- 
nitude; and to others it must bo invisible; unless the in- 
habitants have the assistance of glasses, or are endowed with 
better eyes tlian ourselves. 
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Jo. Bo J 01 I know, Ftps, how swift Ihe partidos of light 
fttOTO? 

Fm. That you may easily cakulate, when you know that 
they ire only about eight ndnutes in coming from the sun. 

Ok And if you re^on that at the distance of ninety-five 
millions of miles from the earth, light proceeds at the rate, 
nearly, of twelve millions of miles in a minute, or at 200, OW 
miles in a second of time. But how do you know that it 
travels so fast? 

Fa. It vras discovered by M. Eoemer, who observed that 
the eclipses of Jupiter’s Stellites took place about sixteen 
minutes twenty-six seconds later, if the earth was in that part 
of its orbit which is furthest from Jupiter, than if it was in 
the opposite point of the heavens, when nearest to that 
planet 

Ck. I understand this. The earth may sometimes be in a 
line between the sun and Jupiter, and at other times the sun 
is between the earth and Jupiter; and therefore, in the latter 
ease, the distance of Jupiter from the earth is greater than inr 
the former, by the whole length of its orbit. 

Fa. In this situation the ^dipse of any of the satellites is, 
by calculation, sixteen minutes twenty-six seconds later than 
it would be if the earth were between Jupiter and the sun: 
that is, the light flowing from Jupiter’s satellites is about six- 
teen minutes in traveling the length of the earth’s orbit, or 
190 millions of miles. 

Ja. It would be curious to calculate how much faster light 
travels than a cannon-ball fired with the greatest force. 

Fa. Suppose a cannon-ball to travel at the rate of twelve 
miles a minute; light moves a million of times faster than that; 
and yet Dr. Akenside conjectures that there may be stars so 
distant fh>m us, that the light proceeding from them has not 
yet reached the earth. 

.... WhoM imflidtng light 
Has tratsUM the proAmnd ax thousand yeaia 
Hot fst antred fat sli^t of ssortal things. 

Ja» And yon say the particles of light move in all di« 
reelioiis. 

FtL Tea; take^ for example, this dieet of thick brown- 
fi^. I will wake but a amall pin-hole in it, and now, 
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tinoogli tliat hole, yoa ean see all the olgects, such as the sk/,; 
tfBes, houses, icc., as well as if the paper were not there. 

CA« Do we only see objects by means of the rays of light 
which come from them? 

Fa. Ill no other way: and therefore the light that comes 
from the landscape which you see by looking throi^h the 
small hole in the paper, must ccane in all direetioflB at the 
same time. Take another instance. If a candle be placed 
on an eminence in a dark night, it may be seen all round for 
the space of half a mile: in other words, there is no place, 
within a sphere of a mile in diameter, where the candle can- 
not be seen; that is, where some of the rays from the small 
dame will not be found. 

Ja. Why do you limit the distance to half a mile? 

Fa. The distance, of course, will be greater or less ac- 
cording to the sise of the candle: but the d^ree of light, like 
heat, diminishes in proportion as you go further from the 
luminous body. 

Ch. Does it follow the same law as gravity f 

Fa. It does: the intennty or degree of light decreases aa 
the square of the distance from the luminous body increases. 

Ja. Do you mean that, at ^ distance of two yards from a 
candle, we shall have four times less light than we should have 
if we were only one yard from it? 

Fa. I do: and at three yards distance, nine times less light; 
and at four yards distance you will have sixteen times less 
light than you would were you within a yard of the object. 

I have one more thing to tell you. Light always moves in 
straight lines. 

Ja. How is that known? 

Fa. Look through a straight tube at any object, and the 
rays of light will Sow readily from it to the eye; but if the 
tube be bent, the object cannot be seen through it; which 
proves that light will move only in a straight line. So, like- 
wise, if you have two or three pieces of mill-board, with a 
hole in iikb centre of each of them, and hold them up brfore a 
candle a little apart from each other; if the holes are in the 
same straight line, the light will pass through them to the 
wall; if they are not so, Sie light will be obscured. 

This is plain also frW the shadows which opaque bediea 
cast. Hold any o)^ect» such as a square boaidf or a book, ill 
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the light of the 8un> or a candle, the shadow caused bj it wiU 
prove that light moves only in right or straight lines: for the 
rays pass from the light straight by the edge of the object to 
the extremities of the shadow. 

Ck. But what, Papa, is the meaning of the word Cities f 

Fa. It is a term applied to that part of Natural Philosophy 
which treats of vision or sight, being derived from the Greek 
word cptomai (^owTOfiai^ “ I see.” 

C%. And does it not dso treat of light, and the various phe- 
nomena connected with it? 

Fa, Of course; I have observed it to you before. 

€h. Are there no other sources of light besides the sun? 

Fa, All luminous bodies, that is, such as do not require 
borrowed light to.be perceptible, are generally considered as' 
such. For instance, the sun, the fixed stars, and probably 
the comets. Moreover, all combustible and phosphorescent 
bodies. 

Ja, What is meant. Papa, by phosphorescent bodies? 

Fa, It is well known that wo^, and many other organic 
substances, when they decay, give off a pecuHar light which 
is termed phosphorescent. Many insects and other animals 
possess this property, and I need scarcely call to your mind 
the pretty glow-worm, whose bright green light we have fre- 
quently had occasion to admire in our evening walks. 

Other bodies become luminous when heated, rubbed, or 
struck; a familiar instance of which is the light produced by 
striking a piece of flint against a steel-blade. 

Ja. What is a ray of light? 

Fa, It is thought to be a stream of very minute particles 
emitted from any lumiilous body, and which invariably 
proceeds in a direct line, unless its direction be changed or 
stopped by some intervening object 

iiUESTIONS FOh EXAMINATION. 

Of what does light consist? — Are contained. •«- How is it prored that 
the particles of light very small?—' the particles of light move in all di- 
From whence does light proceed?— rections?— In what proportion is the 
Who discovered the velocity of light, intensity of light reckoned ? — Explain 
and what means was the discovery what you mean by this. — How does 
made ? — How much fluter does light light move ?^What experiment proves 
ti«v^ a cannon-ball ? — What is this ? — Are there any other sources of 
Pr. Akenside’f ooi^|eetQre on this sub- light besides thesun ? — What is meant 
ieetf-T Bepeat the line! in which it is by aphoq>horaioeiit body? 
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09 EATS 09 LIGHT— >-09 EE9LECTI01I* 

Charles. You talked, the last time we met, of the rays of 
light flowing or moving. What did you define a ray of 
light f 

Fa. Light, you know, according to the corpuscular theory, 
is supposed to be made up of indefinitely small particles. 
Now, one or more of these particles in motion, from any body, 
is called a ray of light. If this supposition be true, that light 
consists of particles flowing from a luminous body, such as 
the sun; and that these particles are about eight minutes in 
coming from the sun to us: therefore, if the sun were blotted 
from the heavens, we should actually have the same appear- 
ance for eight minutes after the destruction of that Ix^y as 
we now have. 

Ja. I do not understand how we could see a thing that 
would not exist. 

Fa. The sun is perpetually throwing off particles of light, 
which travel at the rate of twelve millions of miles in a 
minute; and it is by these that the image of the body is im- 
pressed on our eye. The sun being blotted from the firma- 
ment would not affect the course of the particles that had the 
instant before been thrown from him; they would travel on 
as if nothing had happened, and, till the last particles had 
reached the eye, we should think we saw the sun as we do 
now. 

Ch, Do we not actually see the body itself? 

Fa. The sense of sight may, perhaps, not be unaptly com- 
pared to that of smell. A grain of musk will throw off its 
odoriferous particles all round, to a considerable distance; and 
if you or I happen to be near it, the particles which fall upon 
certain nerves in the nose will excite in us those sensations by 
which we say we have* the smell of musk. In the same way 
particles of Hght are flowing in every direction from the grain 
of musk, some of which fall on the eye, and these excite dif- 
ferent sensations; from which we say we see a piece of musk. 

Ch. But the smell of the musk will, in time, be completely 
dissipated by its throwing off tiie fine particles; whereas a 
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chair or a table may throw off its rays so as to be visible^ 
without ever diminishing in sise. 

Fa. True: because whatever is distinguished by the sense 
of smell is kncrwn only by the particles of the odoriferous 
body itself flowing from it; whereas a body distinguished by 
Ibe sense of sight is known by the rays of lights which first fall 
on the body, and are then reflected from it. 

Ja. What do you mean by being reflected^ 

Fa. If I throw this marble forcibly against the wmnseot^ 
will it remain where it struck? 

Ja. No: It will uhoundy or come back again. 

Fa. What you call rebemnding, writers on optics denomi* 
nate reflection. When a body of any kind, whether it be a 
marble with which you play, or a particle of light, strikes 
against a surface, and is sent back again, it is said to be re- 
flected. If you shoot a marble straight against a board, or 
any other obstade, it comes back in the same line, or nearly 
so: but suppose you throw it sideways, does it return to the 
hand? 

Ch. Let me see. I will shoot this marble against the 
nddile of one side of the rocmi fixm the corner of the opposite 
side. 

Ja. You now find that, instead of coming back to your 
hand, it goes off to the other corner, directly opposite to the 
place from which you sent it. 

Fa. This will lead us to the explanation of one of the 
principal definitions in optics — viz., Act the angle of reflection 
is dlwags equal to the angle of incidence. Do you remember 
what an angle is, my children? 

Ch. We do; but we do not know w^-t an angle of ta- 
ddence is. 

Fa. I said that a ray of light was a particle of light in 
motion: now there are incident rays, and reflected rays. 

The incident rays are those which yh// on the surface; and 
the reflected rays are those which are sent offinxaoL it. 

Ch. Does the marble, going to the wainscot, represent the 
incident ray, and, in going from it^ does it represent the rc- 
deeUd ray? 

Fa. It does: and the wainscot may be called the reflecting 
JBmsk what are the angles of incidence and reflecticii? 
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Fa, Suppose you draw Hie lines on which the midUe 
passed to the wainscot, and from h agaia. 

Ch. I will do it with a piece of chalk. 

Fa^ Now draw a perpendicular from the point where the 
marble struck the surface, that is, where jour two lines meet. 

Ch. 1 see there are two angles; and thej smn to be equal. 

Fa. If the experiment were accuratriy made, the two 
angles would be perfectly equal: the angle contained between 
the incident ray and the perpendicular is called the angle of 
incidence; and that contained between the perpendicul^ and 
reflected ray is called the angle of reflection. 

Ja. Are these in all cases equal, if the marble be shot in 
any direction? 

Fa. They are: and the truth holds equally with rays of 
light. To prove it, stand both of you in front of the looking- 
glass. Each of you sees himself and his companion at the 
same time; for the rays of light flow from you to the glass, 
and are reflected back again in the same lines. Now, both 
of you, stand on one side of the room. What do you see? 

Ch. Not ourselves; but the furniture on the opposite side. 

Fa. The reason of this is, that the rays of light flowing 
from you to the glass are reflected to the other side of the 
room. 

Ch. Therefore, if I go to that part, I shall see the rays of 
light flowing from my brother: and 1 now see him in the 
glass. 

Ja. And I see you. 

Fa. Now, the rays of light flow from each of you to the 
glass, and are reflected to each other: but neither of you sees 
himself. 

Ch. No. I will move in front of the glass: now I see 
myself, but not my brother; and I think I understand the 
subject very welL 

Fa. Then explain it to me by a figure, which you may 
draw on the slate. 

Ck. Let ab represent the looking-glass. If 
I stand at o, the rays flow from me to the 
glass, and are reflect^ back in the same line, 
because now there is no angle of incidence, 
and of course no angle of reflection; but if I 
stand at x, then the rays flow from me to the 
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glass, but they make the angle a?cy; and therefore they must 
be reflected in the line ey, so as to make the angle yoe^ 
(which is the angle of reflection,) equal to the angle xoc. 
And if James stand at y, he will see me at a?, and 1, standing 
at 0 ?, shall see him at y. 

Fa. The portion of optics peculiarly applied to the illus- 
tration of reflection is called catoptrics^ from the Greek 
eaioptron (icarojrrpoy), ** a mirror,” a word compounded of cata 
(Kara), from, or against,” and optomai (onro/uu), “ I see.” 

QUESTIONS FOB EXAMINATION. 

How is a ray of light described? — cidentrays? — What is meant by re« 
By what means do we see oh)ects ? — fleeted rays ? — Tell me how the nature 
To what is the angle of reflection of incident and reflected rays is illns- 
equal? — W'hat do you mean by in- trated by the looking-glass. 


CONVERSATION m. 

OF THE BEFBACTION OF LIGHT. 

Charles, If the looking-glass stop the rays of light, and 
reflect them, why cannot I see myself in the window? 

Fa. It is the silvering on the looking-glass which causes 
the reflection : otherwise the rays would pass through it with- 
out being stopped; and if they were not stopped, they could 
not be reflected. No glass, however, is so transparent as not 
to reflect some rays. Put your hand to within three or four 
inches of the window, and you wiU see clearly the image 
of it. 

Ja. So I do; and the nearer the hand is to the glass, the 
more evident is the image; but it is formed on the other side 
of the glass, and beyond it too. 

Fa. It is. This happens also in looking-glasses; you do ' 
not see yourself on the surface, but apparently as far behind 
the glass as you stand from it in the front. The silvering 
on the back of a looking-glass is an amalgam, or mixture of 
tin and mercury, and mercury when clean, as well as polished 
metallic surfaces, reflect nearly all the rays of light which fall 
upon them; but those surfaces that are dull and rough reflect 
but few. The surface of the substance rather than its nature 
has the greatest influence in reflection. 
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Whatever suffers toe rajs of light to pass through it, ia 
called a medium. Glass, which is transparent, is a medium; 
BO also is air : water, and indeed all fluids that are transparent, 
alo called media, and the more transparent the body, the more 
perfect is the medium. 

Ch. Do the rays of light pass through these in a straight 
line? 

Fa. They do: but not in precisely the same direction in 
which they were moving before they entered it: they are 
^en^out of their foimer course; and this is called rrfraction, 
which takes place at the surface of separation of the two 
media. 

Ja. Can you explain this term more clearly? 

Fa. Suppose a b to be a piece of 
glass, two or three inches tliick, and 
a ray of light, c a, to fall upon it at 
a : it will not pass through it in the 
direction c but when it comes to a, 
it will be bent towards the perpen- 
dicular a b, and go through the glass 
in the course a x; and when it comes into the air, it will 
pass OD in the direction x z, which is parallel to c s. 

Ch. Does this happen if the ray fali perpendicularly on 
the glass as f u F 

Fa. In that case there is no refraction; but the ray pro- 
ceeds in its passage through the glass, precisely in the same 
direction as it did before it entered it; namely, in the direc- 
tion F b. 

Ja. Does refraction, therefore, take place only when the 
rays fall obliquely, or slantingly, on the medium? 

Fa. Yes ; rays of light may pass out of a rarer into a 
denser medium, as from air, into water or glass; or they may 
pass from a denser medium into a rarer, as from water into air. 
Ch. Are the effects the same in both cases? 

Fa. By no means: and I wish you to remember the dif- 
ference. Wlien light passes out of a rarer into a denser me- 
dium, it is drawn to the perpendicular: thus, if c a pass from 
air into glass, it moves, in its passage through it, in the line 
a X, which is nearer to the perpendicular a b than the line as, 
which was its first direction. 

But when a ray passes from a denser medium into a rarer. 






Hiaoyes in n diractioo farther from the perpendicular; thus, 
if tibe ray pass through glaM or water into air, it will not» 
when it comes to a, move in the direction a m, but in the 
line m e, which is farther than a m from the perpendicular 
a p, 

Ja. Can you show us any experiment in illustration of 
this? 

Fa. Tes, I can. Here is a common earthen pan; on the 
bottom of which I will lay a shilling, and fasten it with a 
piece of soft wax, so that it shall not move from its place 
while I pour in some water. Stand back till you just lose 
sight of the shilling. 

Ja. The side of the pan now completely hides the sight of 
the money from me. 

Fa. I will now pour in a pitcher of clear water. 

Ja. The shilling is now visible. How is this explained? 

Fa. Look to the last figure, and conceive your eye to be 
at c, A B the side of the pan, and the piece of money to be at 
X , now, when the pan is empty, the rays of light flow from 
X in the direction xam; but your eye is at c; of course you 
cannot see anything by the ray proceeding along xam. As 
soon as I put the water into the vessel, the rays of light pro- 
ceed from a: to a ; but there they enter from a denser to a 
rarer medium, and therefore, instead of moving in a m, as 
they did when there was no water, they will be bent from 
the perpendicular, and will come to your eye at c, as if the 
shilling were situate at 

Ja. And it appears to me to be at n. 

Fa. Remember what 1 am about to tell you; for it is a 
kind of axiom in optics. We see everything in the dircc- 
tion of that line in which the rays approach us last:” which 
may be thus illustrated : — I place a candle before the looking* 
gla^, and if you stand also ^fore the glass, the image of the 
candle appears behind it; but if another looking-gl^s be so 
placed as to receive the reflected rays of the candle, and you 
stand before this second glass, the candle will appear beh^d 
that; because the mind transfers every object seen along the 
line in which the rays came to the eye last. 

'Ch. Kthe shilling were not moved by the pouring in of the 
water, I do not understand how we coul^l see it afterwards. 

Fa. But you do see it now at the point n, or rather at the 
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little dot just above it^ which is an inch or two from the 
place where it w^ fastened to the l^ttom^ " and from which 
you may convince yourself it has not moved. 

Ja. I should like to be convinced of this. Will you make 
the experiment again, that I may be satisfied of it. 

Fa, You may make it as often as you plea^ and the effect 
will always be the same: but you must not imagine that the 
shilling <mly will appear to move, the bottom of the vessd 
seems also to change its place. 

Ja. It appears to me to be raised higher as the water is 
poured in. 

Fa. I trust you are satisfied by this experiment now: but 
I can show you another equally convincing; only for this we 
stand in need of the sun. 


Take an empty basin or pan, a, into a dark room, 
having only a very small hcfie in the window shutter': 
place the basin so that a ray of light, s Sy shall fall 
upon the bottom of it at a: here m^e a small mark, 
and then fill the basin with water. Now, where 
does the ray fall ? 

Ja, Much nearer to the side, at b. 


0 
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Fa, I did not move the basin, and therefore could have no 


power iu altering the course of the light. 

Ch, It is very clear that the ray was refracted by the 
water at s : and I see that the effect of refraction, in this in* 


stance, has been to draw the ray nearer to a perpendicular, 
which may be conceived to be the side of the vess^. 

Fa, The same thing may be shown with a candle in a 
room otherwise dark. Let it stand in such a manner so that 


the shadow of the side of a pan or box may fall somewhere 
at the bottom of it. Mark the place, and pour in water, and 
the shadow will not then fall so far fix>m the side. 


QUESTIONS POB EXAMINATION. 

Why does the glMS in the window media ? — ^Wliat is meant by refraetioiif 
reflect the raya of light?— Does all —When doea refraction take place?— 
glaSA reflect in some measure the rays What is the rule when a ray of light 
cf lights — In looking at a looking- passes from a rarer into a denser 
glass, where is the image of yourself medium? — What is the rule when 
Ibdnned?— What is meant by a me- it passes from a denser into a ] 
dinm? — What constitutes the excel- me^umP — What experiment is e*W- 
lenoe of a medium ? — How do the ; bited in proof of this ? — In what 
ragpf ot light pass through diffbrent ( reetion do we see anythisf ? 
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CONVERSATION IV. 

OF THE BEFLECTION AND KBFRACTION OF LIGHT. 

Father, We will proceed to some farther illustrations of the 
lawB of reflection and refraction. We will first shut out all tlhe 
light except the raj that comes in at the small hole in the 
shutter. At the bottom of this basin, where the ray of light falls, 
I will lay this piece of looking-glass; and if the water be ren- 
dered in a small degree opaque by mixing with it a few drops 
of milk, and the room be filled with dust by any maans, you 
will than see the refraction which the ray from the shutter 
undergoes in passing into the water, the reflection of it at 
the surface of the looking-glass, and the refraction which 
takes place when the ray leaves the water and passes again 
into the air. 

Ja, Does this refraction take place in all kinds of glass? 

Fa. It does: but where the glass is very thin, as in 
window-glass, the deviation is so small as to be generally 
overlooked. You may now understand why the oar in the 
water appears bent, though it be really straight; for, suppose 
A B to represent water, and max the 
oar, the image of the part a t in the 
water will fie above the object, so 
that the oar will appear in the shape 
many instead of max. On this ac- 
count also a fish in the water appears 
nearer the surface than it actually is; and a marksman shoot- 
ing at it must aim below the place which it seems to occupy. 

Ch. Does the image of the object seen in the water always 
appear higher than the object really is? 

Fa, It appears one-fourth nearer the surface than the 
object actually is: Hence a pond or river is a third -part deeper 
than it appears to be, which is of importance to remember; 
for many a school-boy has lost his life by imagining the 
water into which he plunged was within his depth. 

Ja. You say that when the bottom appears one^fourth 
nearer the surface than it is, the water is a third deeper than 
it seems to be; I do not understand this. 

Fa. Suppose the river to be six feet deep, which is suffi* 
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cieDt to drownyouorme^if we cannot swim, I saj the bottom 
will appear to be only four feet and a half from the surface; 
ki which case you could stand and have the greater part of 
your head above it. Of course it appears to be a foot and a 
half shallower than it is; but a foot and a half is just the 
third part of four feet and a half. 

Ch, Can this be shown by experiment? 

Fa. Certainly. I will take this large empty pan, and 
with a piece of soft wax stick a piece of money at the bot- 
tom; so that you can just see it us you stand. Keep your 
position, and I will pour in a quantity of water gradually. 
Kow tell me how it appears. 

Ch. The shilling rises exactly in the same proportion as 
the water is increased. 

Fa. Recollect, then, in future, that we cannot judge of 
distances so well in water as in air. 

Ja. Nor of magnitudes either, I conceive: for, in looking 
through the sides of a glass globe at some gold and silver fish, 
I thought them very large; but when 1 looked down upon 
them from the top, they appeared much smaller indeed. 

Fa, Here the convex or round shape of the glass becomes 
a magnifier: the reason of which will be explained hereafter. 
A fish will, however, look larger in water than it really is. — 
I will show you another experiment, which depends on refrac- 
tion. Here is a glass goblet, two-thirds full of water: 1 
throw into it a shilling, put a plate on the goblet and turn it 
quickly over, that the water may not escape. What do you see? 

Ch. There is certainly a half-crown lying on the plate; 
and a shilling seems swimming above it in the water. 

Fa. So it appears, indeed; but it is a deception which 
arises from your seeing the piece of money in two directions 
at once, viz., through the conical surface of the water at the 
side of the glass, and through the fiat surface at the top of the 
water. The conical surface, as wa.s the case with the globular 
one, in which the fish were swimming, magnifies the money; 
but by the flat surface the rays are only refracted; on which 
account the money is seen higher up in the glas^ of its natural 
size or nearly so. 

Ja. If I look sideways at the money, I only see the large 
piece; and if only at the top, 1 see it in its natural size and 
state. 


D D 
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OI« Look at the fish in the glass, and you will aee^, 
tSirtiagk the roand part, two very large fish; aii4 seeing 
them from the upper part, they appear of their natural 
stae. The deoepticm is the same as with the shilling in the 
goblet 

Fa. The principle of refraction is productive of some Toiy 
important ejects. By this the sun, every clear morning, is 
seal several minutes before he comes to the horiaon, and 
equally long after he sinks beneath it in the evening. 

Ch. Then the days are longer than they would be if there 
were no such a thing as refraction. Will you explain how 
this happens? 

Fa. 1 will. You know we have an atmosphere which 
extends all round the earth, and above it, to about the height 
€»f forty-five miles. Now, the dotted circles of fig. 5 represent 
that atmosphere. Suppose, then, a spectator to stand at p, 
and the sun lobe at if there were no refraction, the person 
at 9 would not seethe rays from the sun till he were situated, 
with regard to the sun, in a line » x a; because, when it was 
below the horizon at the rays would pass by the earth in 
the direction bxo; but, owing to the atmosphere, and its re- 
fracting power, when the rays from b reach x, they are 
bent towards the perpendicular, and carried to the spectator 

Ja. Will he really see the image of tlie sun while it is be- 
low the horizon? 

Fa. He will: for it is easy to calculate the moment when 
the son rises and sets; and if that be compared with exact ob- 
servation, it will be found that the image of the sun is seen 
•oon^ and later than this, by several minutes, every clear day. 

C%. Are we subject to the same kind of deception when 
tim sun is actually above the horizon? 

Fa. We are always subject to it in these latitudes; and the 
snn is never aetnaily in that place in the heavens where be 
a^Mars to be. 

Ja. Why in these latitudes particularly? 

Fa. Because with us the sun is never in the zemik^ or 
directly over our heads; and in that situation alone his tma 
y h e e in the heavens is the same as his apparent place. 

Ck. Ta that because there is no refraction wh^ the rays 
fall perpendicularly outhe atmosphere? 
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Fa. It Is; but when the 
sun is at w, his rays will not 
proceed in a direct line, mzi^ 
but will be bent out of their 
course at o, and pass in the 
direction os; ana the spec- 
tator will imagine that he 
sees.the sun in the line son, 

Ch, What makes the moon 
look so much larger when it is •• 

just above the horieon than when it is higher up? 

Fa, The thickness of the atmosphere, when the moon la 
near the horizon, renders her less bright than when she is 
higher up; which leads us to suppose that she is farther off 
in the former case than in the latter; and, because we imagine 
her to be farther from us, we take her to be a larger object 
than when she is higher up. 

It is owing to the atmosphere that the heavens appear 
bright in the daytime. Without an atmosphere that part 
only of the heavens would appear luminous in which the sun 
is placed: in that case, if we could live without air, and should 
stand with our backs to the sun, the whole heavens would 
appear as dark as night. 

Reflection and refraction are terms derived from the Latht 
words reflectOy ‘‘ I bend back;** and refrango^ ^ I break back.” 

CA, How long is it since the refractive power of the atmo«» 
sphere was first observed? 

Fa, The ancients, it appears, had some idea of it; but they 
had made no calculation of its quantity or of its action. Tycho 
Brahe was the first who settled its just quantity; but he at- 
tributed it to causes since found to be erroneous. Kepler was 
equally unsucceitsful in his inquiries. It was not till after 
the invention of the barometer, which ascertained the regular 
decrease of density of the atmosphere upwards, that the re- 
fractive power of the atmosphere was proved to be exactly 
in proportion to its density. A ray of light, therefore, passing 
through the atmosphere, does not describe a straight line 
merely broken at one point, as is the case with any object 
partly immersed in water, but the refractive power increases 
at every point, and occasions the ray to describe a curve. 

That branch of Optics peculiarly illustrative of R^rtuiwn 
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is called Du^irics, from the Greek €^opiron (StofrrpoyX 
** something transparent,” which is derived from cfto ( 

** through/’ and optomai (oirrofiai), I see.” 

QUESTIONS FOB EXAMINATION. 

miow me how the principle of re- when there lehSt one can he explained? 
Sraction will render a straight stirir — What has the principle of reOnction 
in water appear crocdEed ? — How to do with regard to the son ? — Ex- 
mneh higher does an ohlect in water plain this by means of Sg. 5. — Does 
appear than it really is? — If a river the sun ever appear to be in that part 
or other clear water be six feet deep, of the heavens in which it is ? — To the 
how deep will it appear to a com- inliabitants of any part of the earth is 
mon observer? — Prove this by ex- the true and apparent place of the sun 
periment. — Can you judge of mag- the same?— Why does the moon ap- 
nitudes as well in water as in air ? — pear larger when it is near the horiaon 
Can you tell how the deception of the than when it is higher up in the 
appearance ni two pieces of money heavens? 


CONVERSATION V. 

DEFINITIONS OF THE DIFFERENT KINDS OF LENSES 

OF MR. Parker’s burning lens, and the 

EFFECTS PRODUCED BY IT. 


Father, 1 must now call jour attention to a few other de- 
finitions; the knowledge of which you will require as we 
proceed. 

A PENCIL OF bays” is an j number that proceed from a 
point. 

** Parallel rays” are such as move in parallel lines, or 
those always at the same distance from each other. 

Ch, That is something like the definition of parallel linee** 
I have learnt from Euclid.* But when you admitted the 
rays of light through the small hole in the shutter, they did 
not seem to fiow from that point in parallel lines, but to re- 
cede from each other in proportion to their distance from 
that point 


Fa. They did: and when they do thus 
recede from each other, as in this figure, 
from e to cd^ then they are said to diverge. 
But if th^ continually approach towards 
each other, as in moving from c cf to e, 
th^ are said to converge. 



Fig. 6. 


• Tbrallri iloM are tboee which, being InSnitcIy extended, never meet 
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Ja» What does the dark part of this figure represent? 

Fa, It rqiresents a glass lens; of which there are several 
kinds. 

CA. WTiat do you call a lens, Papa? 

Fa. A lens is a piece of glass or other transparent substance 
made into such a form as to collect or disperse the rays of 
light which pass through it. Lenses take their names from 
their different shapes; and are represented here in one view. 

Fig. 7. 


A BO D E 

A is such a one as that in the last figure, and it is called a 
plano-convex^ because one side is Jlat^ or plane^ and the other 
convex. 

B is a plano-concave^ one side being fiat and the other 
concave. 

c is a double convex lens^ because both sides are convex. 

D is a double concave^ because both sides are concave. 

£ is called a meniscus, being convex on one side and con«* 
cave on the other, and whose surfaces would meet if continued^ 
of this latter kind are all watch-glasses. 

A concavo-convex lens is that which has one of its surfacea 
concave, and the other convex, and which surfaces, if continued, 
would never meet. 

Ja. I can easily imagine diverging rays, or rays proceeding 
from a point; but what is to make them converge, or come to 
a point? 

Fa, Look again to the figure (fig. 6.) a, 6, m, Ac., represent 
parallel rays, falling upon a convex surface, of glass, for 
instance, all of which, except the middle one, fall upon it 
obliquely, and, according to what we saw yesterday, will be 
refracted towards the perpendicular. 

Cb. And I see they will all meet in a certain point in that 
middle line. 

Fa. That point, e, is called the focus: it is only the dark 
part of this figure that represents the glass as c, d, n. 

Ch. Have you drawn the circle to rfiow the exact curves 
the different lens? 
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Fa. Ymz tad you see that paridlel rays fall^ upon a 
plofkhctmvex lens (fig. 6.) meet at a point behind it; the dis- 
tance of which from the middle of the glass is exactly equal 
to the diameter of the sphere of which the lens is a portion. 

Jd. And in the case of a double convex, 
is the distance of the focus of parallel rays 
equal only to the radius of the sphere. 

Fa, It is: and you see the reason of it 
immediately; for two concave surfaces 
have double the effect in refracting rays 
that a single one has; the bringing 
them to a focus at the distance of the diameter; the former at 
half that distance, which is the radius. 

Ch, Sometimes, perhaps, the two sides of the same lens 
may have different curves. What is to be done then? 

Pa. If you know the radius of both the curves, the follow- 
ing rule will give you the answer: 

** As the sum of the radii of both curves or convexities is 
to the radius of either, so is double the radius of the other to 
the distance of the focus from the middle point.’^ 

Ja. Therefm^ if one radius be four inches, and the other 
three inches, then, as 44-3 :4 : : 6 : 3^, or to nearly 

three inches and a half. I saw a gentleman lighting his cigar 
yesterday, by means of the sun’s rays and a glass. Was that 
• double convex lens? 

^ Fa. I suppose it was: and you now see the reason of what 
you then coiUd not comprehend. All the rays of the sun that 
fidl on the surface of the glass (see fig. 8.) are ccdlected in 
the point f, whidi in this case may represent the top of the 
cigar. 

The rays may be collected by reflection or refraction; by 
reflection, the rays fall on a concave looking-glass which is 
called a mirror, or mi a concave reflector of brightly polished 
metal, which is called a speculum: the method we have just 
been describing is that by refraction. 

Ck. How do you calculate the heat which is cottected in 
the focus? 

Fa. The force of the heat cbUected in the focus is^ in pro- 
jporthm totbemdinary heatof the sun, as the area of the glass 
is fie tbe area of the focal circle: of course it may be a husdred 



Fig. 8. 



OF THE BI7&EIMO-OLASS. 407 

or ^ven a tlioiMaad times greater in the one ease than in tli4 
other. 

Ja. Have I not heard 70a say that a very large lens in* 
deed was once used as a burning glass? 

Fa. Yes ; 1 have heard of one three feet in diameter, made 
of dint glass, and 3^ inches thick; when fixed in its frame, it 
exposed a clear surface of more than two feet eight inches in 
diameter; its focal distance was six feet eight inches, and its 
weight 2121bB.; and its focus, by means of another lens, 13 
inches in diameter, was reduced to a diameter of half an inch. 
The heat produced by this was so great, that iron plates w^e 
melted by it in three seconds; tiles and slates became red- 
hot in a moment, and were vitrified; sulphur, pitch, and other 
resinous bodies were melted underwater; and ashes of wood 
and other vegetable substances were turned in a moment into 
transparent glass. 

CA. Would the heat produced by it melt all the metals? 

JFh. It would: even gold was rendered fluid in a few se* 
conds. Notwithstanding, however, this intense heat at the 
focus, the finger might, without the smallest injury, be placed 
in the cone of rays within an inch of the focus? 

Jfa. 1 suppose, however, that smne danger would be in- 
curred if the finger were brought too near the focus. 

Fa. The curiosity of Mr. Parker, who was the ingenious 
maker of this burning-glass, led him to try* what the 8enaa« 
tion would be if he touched the focus: and he described it as 
similar to that produced by a sharp lancet, and not at all like 
the pain produced by the heat of fire or a candle. Substances 
of a white colour were not easily acted on. This glass of 
Mr. Parker’s was carried to China by an officer in Lord 
Macartney’s embassy, and left at Pekin. 

CA. 1 suppose he could make water boil in a very diort 
time with the lens? 

Fa. If the water be very clear, and cmitained in a dear 
glass decanter, the water will not be wanned by the most 
powerful lens; but a piece of wood oontained in it may be 
bumttoacoal. 

Ja. Will not the heat break the glass? 

Fa. It will scarcely warm it. If, however, a piece of 
metal be put in the water, and the point of rays 1^ thiuwn on 
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thit, it will communicate' heat to the water^ and sometimeir 
make it boil. The same effect will be produced if there be 
some ink thrown into the water. 

If a cavity be made in a piece of charcoal, and the sub- 
stance to be acted on be put in it, the effect produced by the 
lens will be much increased. Any metal thus inclosed melts 
in a moment; and the fire produced resembles that of a forge 
fiercely blown by the bellows. 

1 d^ say you were at first surprised tliat such a small 
luminous spot as that described by the experiment should con- 
tain so much heat as to melt metals and cause water to boil; 
but having considered the principles on which it is produced^ 
you will find that, in all cases, the degrees of heat collected by 
several glasses are, in proportion, compounded of their sur- 
faces directly^ and the squares of their focal distances recipro- 
cally. The burning spot is the spectrum or picture of the 
sun, formed by a convex glass held parallel to its disk, which, 
by means of the several pencils, contracts all the rays that 
pass through it into that small compass. 

C%. Who invented the burning-glass? 

Fa, It is not exactly known; the method, however, of thus 
producing heat is of great antiquity, for Archimedes is said 
to have burned the Roman fieet when in the harbour of 
Syracuse, by means of mirrors. The truth of this has been 
doubted; but yet we read of Buffon, in the middle of the 
eighteenth centuiy, setting fire to planks of wood, loO feet 
distant, by means of 168 mirrors, each about six inchea 
square. 


QUESTIONS FOU EXAMINATION. 

Wbat do you mean by a pencil of j the focus if the two ddes of a doable 
rays? — What are parallel rays? — convex are of different carves ? -7 
what is meant by diverging and What is the principle of the buming- 
eooverging rays? — What is a lens? glass? — Do you know how to calcu< 
-i*. How many kinds of lenses are there, late the fbree of the heat collected in 
and what are their names ?^ Wbat is the focus of a burning-glass ? — What 
the Ibens? — Where do parallel rays was the size of Mr. Parker's lens?— 
fcning upon a plano-convex lens meet? What effects were produced by it? — 
— Where do they meet in a double Are white substances and water easily 
convex?— What is the reason of it?— ailboted hj the lens. 

—Canyon tell me the role for finding 
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CONVERSATION VX 

09 IPABALLEL, IdlVBBGIlfO, AND CONVERGING BATS-— OF THE 
FOCUS AND FOCAL DISTANCES. 

Charles. I have been looking at the figures 6 and S, and 
see that the rays falling upon the lenses are parallel to one 
another. Are the sun’s rays parallel ? 

Fa. They are considered so: but you must not suppose 
that all the rays which come to the eye from the surface of 
an object, such as the sun or any other body, are parallel to 
each other; but it must be understood of those rays only 
which proceed from a single point, a 
S uppose s to be the sun; the rays ^ 

which proceed from a single point, a, 
do in reality form a cone; the base of ® ® 

which is the pupil of the eye, and its height is the distance 
from us to the sun. 

Ja. But the breadth of the eye is nothing when compared 
to a line ninety -five millions of miles long. 

Fa, And for that reason the various rays that proceed 
from a single point in the sun are considered as parallel^ be- 
cause their inclination to each other is insensible. The same 
may be said of any other point, as c. Now, all the rays that 
we can admit by means of a small aperture or hole, must pro- 
ceed from an indefinitely small point of the sun; and there- 
fore they are justly considered as parallel. 

K, now, we take a ray from the point a, and another from 
c, on opposite points of the sun’s disk, they will form a sen- 
sible angle at the eye; and it is from this imgle, aec, that 
we judge of the apparent size of the sun, which is about half 
a degree in diameter. 

Ch. Will the size of the pupil of the eye make any differ- 
ence with regard to the appearance of the object? 

Fa. The larger the pupil, the brighter will the object 
appear; because in proportion to the size will be the number 
of rays it will receive from any single point of the object I 
wish you also to x^'emember what I have told you before, that^ 
whenever the appearance of a given object is rendered larger 
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and brighter, we always imagine that the object is nearer to 
us than it reallj is, or than it appears to be at other times. 

Ja, If there be' nothing to receive the rays (fig. 8) at 
would they cross one another and diverge? 

Fa, Certainly; in the same manner as they converged in 
coming to it; and if another glass, f g, of the same convexity 
as D E, be placed in the rays at the same distance from the 
focus, it will so refract them, that, after going out of it, they 
will be parallel, and so j^ooeed in the same manner as they 
came to the first glass. 

Ck, There is, however, this difference: that all the rays, 
except the middle one, have changed sides. 

Fa, Tou are right: the ray b, which entered at bottom, 
goes out at the top b ; and a, which entered at the top, goes 
out at the bottom c ; and so of the rest. 

If a candle be placed at^ the focus of the convex glass, the 
diverging rays in the space / fg, will be so refract^ by the 
glass, that, i^ter going out of i^ they will become parallel 
again. 

Ja, What will be the effect if the candle be nearer to the 
glass than the point /? 

Fa, In that case, if the candle be at p the 
rays will diverge after they have passed 
through the glass, and the divergency will be 
more or less in proportion to the distance 
the candle from the focus. 

Ch, If the candle be placed farther from 
the lens than the focus y*, will the rays meet 
in a point, after they have passed through it? 

Fa, T^y wilL Thus, if the candle be 
pfamed at g the rays, after passing the lens, 
will meet in x; and this point, Xy will be 
mare or less distant from the glass, as the 
candle is nearer to, or farther from its focus. 

Where the rays meet they form an inverted 
inu^ of the flame of the candle. 

Ja, Why so? 

Fa, Beeausetliat is the point where the rays, if they are 
not stc^qied, cross each other. To satisfy you on this head 
I will h^ in that point a sheet of pi^Mr; and you now see 
Act the flame of the candle is invert^ 



Fig. 11. 



Fig. 10. 



OF THE INTBmTBD IMAGE. 411 

This maj be explained in the 
following mariner: kt ahe 
present an arrow placed beycmd 
the focus ^ of a doulde convex f 
lens, def^ some rays will flow 
from every part of the arrow, 
and fall on the lens: but we shall 
consider only those which flow 
from the points a, and e. The rays which come from a, aa 
ady a By and a fy will be refracted by tlie lens, and meet in a; 
those which come from byb&bdyhey and b fy will unite in b; 
and those which come from c wiU unite in c. 

C4. I see clearly how the rays from b are refracted, and 
unite in b; but it is not so evident with regard to those from 
the extremities a and c. 

Fa, 1 admit it: but you must remember the difficulty con- 
sists in this: the rays fall more obliquely on the glass from 
those points than from the middle; and therefore the refrac- 
tion is very different. The ray, b g, in the centre, suffers no 
refraction; bd h refracted into b; and if another ray wait 
from i, as i dy it would be refracted to i somewhere between 
B and A, and the rays from a must, for the same reason, be 
refracted to a. 

Ja. If the object, a be, be brought nearer to the glass, 
will the picture be removed to a greater distance? 

Fa, It will: for then the rays will fall more divergingly 
upon the glass, and cannot be so soon collected into the corre- 
sponding points behind it. 

Cb, From what you have said, I understand that if the 
object, abcy he placed in the rays, after refraclaon, will 
go out parallel to one another ; and if brought nearer to the 
glass than g, then they will diverge from one another; so 
that, in neither case, on image will ^ formed behind the lens. 

Jd, To form an image, must the object be beyond the 
focus g? 

Fa, It must: and the picture will be larger or snudler than 
the object, as its distance from the glass is greater or less 
than the distance of the object: if abo (^. 12) be the 
object, c B A will be the picture ; and if c b a be the olijeet^ 
aic will be the picture. 

Ok Is there any riUe to find the distance of the pictnae 
from the glass? 
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JFa. If 70U know tke focal distance of the glass, and tlie 
distance of the object fhnn the glass, the rule is this: 

Multiply the distance of the focus by the distance of the 
object, and divide the product by their difference; the quo* 
tient is the distance of the picture.” 

Ja, if the focal distance of the glass be 7 inches, and the 

7x9 53 

object be 9 inches from the lens, then — — = — = 31 J 

A 


inches : of course, the picture will be very much larger .than 
the object: for, as you hate said, the picture is as much 
larger or smaller than the object, as its distance from the glass 
is greater or less than the distance of the object. 

Fa, If the focus be seven inches, and the object at the 
distance of 1 7 inches, then the distance of the picture will be 
7 X 17 119 

found thus = = 12 inches nearly. 

10 10 ^ 


QUESTIONS FOR EXAMINATION. 


i)oos th« magnitude of the pupil of 
the ere make anjr difference with regard 
to the appearance of the oh|ect?-~ 
What effect does the magnitude and 
lightness of an object produce?— As 
the rays passing through a double con- 
yex lens meet in the focus* what will 
happen if there is nothing to receive 
thm there? — What effect will be 


produced if a candle is placed in the 
fbcus of a double convex lens ?— What 
wiU be the effect if it be put nearer or 
farther from the lens than the focus ? 
— What is the cause of an inverted 
image?— Can you explain this by ilg. 
12 ? — What is the rule for finding the 
distance of the picture fiom the glass ? 


conversation vil 

IMAGES OF OBJECTS INVERTED — OF THE SCIOPTRIC BALL— 
OF LENSES AND THEIR FOCI. 

James, Will the image of a candle, when received through 
a convex lens, be inverted? 

Fa, It will, as you shall see. Here is no light in ibis 
room but from the candle, the rays of which pass through a 
convex lens; and, by holding a sheet of paper in a proper 
position, you will see a complete inverted image of the candle 
on it. 

An object seen through a very small aperture appears 
also ipverted, but it is very imperfect compared an 
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Image formed with thelene: it is faint for want of light; and 
it is confused because the rajs interfere with one another. 

Ck. What is the reason of its being inverted ? 

Fa. Because the rajs from the extreme parts of the ob- 
ject must cross at the hole. If jou look through a verj small 
hole at anj object, the object appears magnified. Make a 
pin-hole in a sheet of brown paper, and look through it at the 
small print of this book. 

Ja. It is, indeed, verj much magnified. 

Fa. As an object approaches a convex lens, its image de- 
parts fr(;m it; and as the object recedes, its image advances. 
Make the experiment with a candle and a lens, i^roperlj 
mounted in a long room: when jou stand at one end of the 
room, and throw the image on the opposite wall, the image 
is large, but as you come nearer the wall, the image is small, 
and the distance between the candle and glass is very much 
increased. 

I will now show you an instrument, called a *^Scioptrie 
Ballf* which is fastened into a window-shutter in a room 
from which all light is excluded except what comes in through 
this glass. 

Ch. Of what does this instrument consist? and what a 
curious appellation you have given it. 

Fa. It consists of a frame, a b, and a ball of wood, 
c, in which is a glass lens; and it is so adjusted that 
the ball moves easily in the frmne in all directions; 
that the view of any surrounding object may be re- 
ceived through it; it derives its name from two Greek 
words, scia (akca), “ a shadow,” and optomai (oirro- 
/Litti), “ I view.” 

Ja. Do you screw this frame into the shutter? 

Fa. Yes; a hole is cut in it for that purpose; and there 
are little brass screws belonging to it, such as that marked s. 
When it is fixed in its place, a screen must be placed at a 
proper distance from the lens, to receive images of the objects 
out of doors. This instrument is sometimes called an 
Artificial Eye. 

Ch. In what respects is it like the eye? 

Fa. The frame has been compared to the socket in which 
the eye moves, and the wooden ball to the whole globe of the 
eye; the hole in the bsill represents the pupil; the convex 
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loas ocrreipoiids to the crystalline humonr; and the screen 
may be compared with the retina. These terms 1 will explain 
to you by and bye, 

. Jo. The ball, by turning in all directions, is very like the 
for, without moving my head, 1 can lo(^ cm all sides, 
and upwards and downwards. 

Fa. Well: we will now place the screen properly, and turn 
the ball to the garden. Here you see all the objects perfectly 
represented. 

Ja. But they are all inverted. 

JFo, That is the great defect of this instrument; but I will 
tell you how it may be remedied. Take a looking-glass, and 
hold it before you with its face towards the picture on the 
screen, and inclining a little downwards, and the images will 
appear erect in the glass, and even brighter than they were 
on the screen. 

Ch. You have shown us in what manner the rays of light 
are refracted by ocmvex lenses when those rays are parallel. 
Will there not be a differimce if the rays converge or diverge 
before they enter the lens? 

Fa. Certainly: if rays converge before they enter a convex 
lens, they will be collected at a point nearer to the lens than 
the focus of parallel rays: but if they diverge before they 
enter the lens, they will then be collect^ in a point beyond 
the focus of paralld rays. 

There are concave as well as convex lenses; and the re« 


fraction which takes place by means of these differs from that 
which I have already explained. 

CA. What will the efect of refraction be when parallel 


rays fall upon a double concave lens? 

Fa. Suppose the parallel rays a, A, c, (f, 
lke.t pass thraugh the lens a b, they will 
diverge after they have passed through 
the glass. 

Ja. Is there any rule for ascertaining 
the degree of divergency? 

Fa. Yes; it will be precisely so much 



Fig 14. 


as if the rays had come from a radiant point, r, which is the 
centre of the concavity of the glass. ^ 

Ch. I» that point called the focus? 

Fek It is caUed the virtmd or imaginary foeue. Thus the 
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ra7 after passing through the glass ab, will go on in the 
direction gh^ as if it had come from the point and no glass 
had been in the w&y; the iny b would proceed in the direction 
niff, and the ray e in the direction rs, and so on. The ray 
ex^ in the centre, suffers no refraction, but proceeds precisely 
as if no glass had been in the way. 

Ja. Suppose the lens had been concave on one side only 
and the o&er side had been flat: how would the rays have 
diverged? 

Fa. They would have diverged, after passing through it, 
as if they had ccnne from a radiant point at ^e distance of a 
whole diameter of the convexity of the lens. 

Ck. There is, consequently, a great similarity in the re* 
fraction of the convex and concave lens. 

Fa. Yes; the focus of a double convex lens is at the die* 
tance of the radius of convexity, and so is the ishagmary focus 
of the double concave; and the focus of the plano-convex is 
at the distance of the diameter of the convexity, and so is the 
imagmary focus of the plano-concave. 

You will find that images formed by a concave l^s, or 
those formed by a convex lens, where the object is within its 
principal focus, are in the same position with the objects they 
represent: they are also imaginary; for the refracted nys 
never meet at the foci whence they seem to diverge. 

But the images of objects placed beycnid the focus of a con- 
vex lens are inverted, and real; for the r^racted rays meet 
at their proper foci. 


QUESTIONS FOB EXAMINATION. 


How if it kaown that the image CS 
% eaadle when received through a con- 
vex lens Miill be inverted? — What is 
the appearance of an object seen 
tSuoagli a veiy small apeitnre. and 
what is the reason of it ? — By looUng 
at a small print through a pin hole in 
brown paper, what is the effect pro- 


duced?— What is Uie sdoptrie ball, 
and what does it re prce e at ?— How ie 
it compared to the eye ?— What is the 
chief defect in the sdoptrie ball?-- 
How is that remedied? — What is the 
virtual or imaghiaiy ibrns ? — Is thaw 
any shnilaiity in the reflraotion of the 
convex and concave lens? 
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CONVERSATION Vm. 

OF THE NATURE AND ADVANTAGES OP LIGHT — OF THE 
SEPARATION OP THE RAYS OP LIGHT BY MEANS OF A 
PRISM AND OP COMPOUND RAYS, &C. 

Father. We cannot contemplate the nature of light without 
being struck with the great advantages which we enjoy from 
it. Without that blessing our condition would be truly de- 
plorable. 

Ja. But you have told us that the light would be of com- 
paratively small advantage without an atmosphere. 

Fa. The atmosphere not qnly refracts the rays of light, so 
that we enjoy longer days than we should without it, but 
occasions that twilight, which is so beneficial to our eyes; for 
without it the appearance and disappearance of the sun 
would have been instantaneoue; and in - every twenty-four 
hours we should have experienced a sudden transition from 
the brightest sunshine to the most profound darkness, and 
from thick darkness to a blaze of light 

Ch. I know how painful that would be, fi*om having slept 
in a very dark room, and having suddenly opened the shutters 
when the sun was shining extremely bright 

Fa. The atmosphere reflects also the light in every di- 
rection; and if there were no atmosphere, tlie sun would benefit 
those only who looked towai*ds it; and to those whose backs 
were turned to that luminary, it would all be darkness. 

Ja. I saw, in some of your experiments, that the rays of 
light, after passing through the glass, w^ere tinged with dif- 
ferent colours. What is the reason of that? 

Fa. Formerly, light was supposed to be a simple and un- 
compoundid body. Sir Isaac Newton, however, discovered 
that it was not a simple substance, but composed of several 
parts; each of which has, in fact, a different degree of refmn- 
gibility, or disposition to be turned out of its natural course, 
by passing out of one medium into another. 

th. How is that to be observed? 

Fa. Let the room be darkened; and only a very small hole 
open*in the shutter to admit the sun’s rays: Instead of a lens, 
I will take a triangular piece of glass, called a prism: now, as 
in this there is nothing to bring the rays to a focus, they will, 
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in passing through it, suffer diferent degrees of refraction, 
and be separated into the different coloured rays, which, if re^ 
ceived on a sheet of white paper, will exhibit the seven follow- 
ing colours: red^ orangey yellowy greeny bluey indigOy and violeU 

Ja. Here are all the colours of the rainbow! but the image 
on the paper is a sort of oblong. 

Fa, That oblong image is usually called a spectrum ; and 
if it be divided into 360 equal parts, the red will occupy 45 
of them, the orange 27, the yellow 48, the green and the blue 
60 each, 'the indigo 40, and the violet 80. This experiment 
effects what is called the decomposition of light. 

Ch, The shade of difference in some of these colours seems 
very small indeed. 

Fa, You are not the only person who has made this ob- 
servation. Some experimental philosophers say that there 
are but three original and truly distinct colours — viz., the red, 
yelloWy and blue. 

Ch. What is called the ordfnge is surely only a mixture 
of the red and yellow, between which it is situated. 

Fa. In like manner the green is said to be a mixture of 
the yellow and blue; and the violet is but a fainter tinge of 
the indigo. 

Ja. How is it, then, that light, which consists of several 
colours, is usually seen as white? 

Fa, By mixing the several colours in due proportion, white 
may be produced. 

Ja. Do you mean to say that a mixture of red, orange, 
yellow, green, blue, indigo, and violet, in any proportion, will 
produce a white? 

Fa, If you divide a circular surface into 360 parts, and 
then paint it in the proportion just mentioned (that is, 45 of 
the parts red, 27 orange, 48 yellow, &c.) and turn it round 
with great velocity, the whole will appear of a dirty w'hitej 
and if the coloui*s were more perfect, the white would be more 
completely so. 

Ja. Was it, then, owing to the separation of the different 
rays that I saw the rainbow colours about the edges of tho 
image made with the lens? 

Fa, It was. Some of the rays were scattered, and not * 
brought to a focus ; and these were divided in the course of 
refraction. And I may tell you now, though I shall not ex- 

E £ 
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plain it at present, that the rainbow is caused by the separa* 
tion of the rays of light into their component parts. 

Ja. What colour is most reflected by the air ? 

Fa. Blue, and therefore it absorbs the red, orange, and 
yellow more copiously than the other rays. 

Ja. Is black a colour ? 

Fa. Not properly. It is black because it does not reflect 
but absorbs all rays of light that fall upon it. Black hats are 
not so comfortable as white ones in hot climates, because the 
heat which accompanies the sun’s luminous rays is also ab- 
sorbed by the black surface. 

Ja. Why are white hats, or clothing, preferable in hot 
climates ? 

Fa. Because white reflects the light. 

QUESTIONS FOR EXAMINATION. 

Of what advantaare is the atmosphere can a ray of light be divided ?— What 
MB it respects light ? — Would not the is the oblong spectrum on which the 
sudden transitions from light to dark* ^ colours are painted called ? — Have all 
ness, and the reverse, be very incon- philosophers admitted ol seven colours 
venient ? — How sliould we be benefited ' in the rays of light ? — Can white be 
byUiesuR if there were no atmosphere? . produced by mixing the other colours ? 
—•Is light a simple or a compound — In what manner is tliat done?— 
substance ? — Into how many colours How is the rainbow caused ? 


CONVERSATION IX. 

OF COLOURS. 

Charles. I am now anxious to know the cause of difierent 
colours. The cloth on this table is green; and that of which 
my coat is made is blue. What makes the difference in these? 

Fa, I explained to you that white, or ordinary light, was 
composed of several colours, and that when these entered the 
eye, in proper proportion, the sensation or impression produced 
was white; hut if any of these coloured rays are absorbed or 
checked by any surface, the remainder continue their course, 
and appear of that colour which arises from the mixture of the 
unchecked rays. You will also recollect I told you that, accord* 
ing to the undulatory theory, light consisted of the particles of 
an ether in a state of undulatory or wavy motion. Hence, if 
the undulations of which some of thecolours are composed should 
interfere with or check each other, these would be no longer 
apparent, and only those would reach the eye which continue 
i^ir coarse. 1 shall give you an iiiustration of this presently. 
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Ja. Is it from the reflected rays that we judge of the 
colour of objects? 

Fa. It has generally been thought so. Thus the cloth ott 
the table absorbs all the rays but the green, which it reflects 
to tne eye; but your ooat is of a different nature, as to its 
colour, and absorbs all but the blue rays. 

Ch. Why are paper and snow white? 

Fa. The whiteness of paper is occasioned by its reflecting 
the greatest part of all the rays that fall upon it; and every 
flake of snow, being an assemblage of frozen particles of 
water, reflects and refracts the rays of light that fall upon it 
in all directions, so as to mix them very intimately, and pro- 
duce a white impression on the eye. 

Ja. Does the whiteness of the sun’s light arise from a 
mixture of all the primary colours? 

Fa. It does; as may be easily proved by an experiment: 
for, if any of the seven colours be intercepted at the lens, the 
image in a great measure loses its whiteness. With the prism 
I will divide a ray into its seven colours:* I will then take a 
convex lens, in order to re-unite them into a single ray, 
which will exhibit a round image of a shining white; but if 
only a few of these rays Ibe taken with the lens, it will pro- ‘ 
duce a dusky white. 

Ja. The diamond, I have heard, owes its brilliancy to the 
power of reflecting almost all the rays of h’ght that fall on it; but 
are vegetable and animal substances equally indebted to light? 

Fa. What does the gardener do to make liis endive and 
lettuces white? 

Ch. He ties them up. 

Fa. That is, he slmts out the light; and by this method 
they become blanched. I could produce you a thousand in- 
stances to show, not only tliat the colour, but even the ex- 
istence, of vegetables depends upon light. Close-wooded 
trees have only leaves on the outside: such is the cedar in the 
garden. Look at a yew tree, and you will find that the inner 
branches are almost, or altogether, barren of leaves. Gera- 
niums, and other green-house plants, turn their flowers to the 
light; and plants in general, if doomed to darkness, soon 
sicken and die. 

* Further information on this sut^eot is giyen in Oonversation XVUI., CA tte 
Rainbow. 
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Ja, There are some flowers, the petals of which are, in 
different paris, of different colours: how do you account for 
this? 

Fa> The flowers of the heart’s-ease, and of the tulip, are of 
this kind; and if examined with a good microscope, it will be 
found that the texture of the blue and yellow parts is very 
different. The texture of the leaves of the white and red 
rose is also different. Clouds also, which are so various in 
their colours, are undoubtedly more or less dense, as well as 
being differently placed with regard to the eye of the spec- 
tator; but the whole depend on the light of the sun for their 
beauty. 

Ch, Are we to understand that all colours depend on the 
reflection of the several coloured rays of light? 

Fa, This seems to have been the opinion of Sir Isaac 
Newton; but he concluded, from various experiments on the 
subject, that every substance in nature, provided it be reduced 
to a proper degree of thinness, is transparent. Many trans- 
parent media reflect one colour and transmit another: gold- 
leaf reflects the yellow, but it transmits a sort of green colour 
when held up against a strong light. 

Ch, Of what colour is the light of the sun? 

Fa. It consists of rays of different kinds. Those which 
partake of the same degree of refrangibility are called homo- 
geneal,, and those which have different degrees of refrangibility 
are called heterogeneal. Each ray exhibits its proper colour 
according to its refrangibility, which cannot be changed either 
by reflection or refraction. A collection of all the colours, 
gathered by means of a lens, as we have seen, will be perfectly 
white. 

Ch. How is it the colours appear in the bubble produced 
by a solution of soap in water, blown through a tobacco- 
pipe? 

Fa. If the bubble, as soon as blown, be not covered with a 
glass, it will be too much agitated by the external air to allow 
of any regular observation: but this precaution being taken, 
the colours will be seen to emerge from the vertex or top of 
the bubble; and as it grows thinner, by the subsidence of the 
water, they dilate into circles or rings, parallel to the horizon, 
and then slowly descend and vanish successively at the bottom. 
This continues till the water of the vertex becomes too thin 
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to reflect the light, when a circular spot of intense blackness 
appears at the top, which slowly dilates, sometimes to 
three quarters of an inch in breadth, before the bubble 
bursts. From the black central spot the reflected colours are 
the same in succession and nature as those produced by a 
plate of air; and the appearance of the bubble, if viewed by 
transmitted light, is also similar to that of the plate of air in 
like circumstances. 

C7^. What is meant by a plate of air? 

Fa. If a glass or lens, the surface of which is convex, or 
part of a sphere, be laid upon a plane glass, it will of course 
touch at one point only; and therefore at all other places 
between the adjacent surfaces will be interposed a thin layer 
or plate of air, the thickness of which will increase in a certain 
ratio according to the distance from the point of contact. Light, 
therefore, incident upon such a plate of air, is disposed to be 
transmitted or reflected, according to its thickness. 


QUESTIONS FOE 

What description can you give of , 
colours? — How arc colours supposed 
to exist ? — By what do we judge of tlie 
colour of objects ? — How do you ac- 
count for the whiteness of paper or 
snow? — From what does the white- 
ness of the sun’s light arise ? — How is 
that proved? — To what are we in- 
debted for all the fine colours exhibited 
in nature ? — Are the vegetable and 


EXAMINATION. 

animal kingdoms indebted to the light 
for their various colours? — What is 
the theory of blanching lettuces, cab- 
bages, &c. ? — What makes the dif- 
ferent parts of the same flower, as 
the heart’s-ease, of diiferent colours ? — 
Ho all colours depend oii the reflection 
of the several coloured rays of light ?— 
Do some transparent media reflect one 
colour and transmit another ? 


CONVERSATION X. 

REFLECTED LIGHT, AND PLANE MIRRORS. 

Father. We come now to treat of a different kind of glasses^ 
— viz., mirrorSy or, as they are sometimes called, specula. 

Ja. Is not a looking-glass termed a mirror? 

Fa. Mirrors are made of glass, silvered on one side, or of 
highly-polished metal. They are of three kinds; the 
the convex^ and the concave. 
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Ck, You have shown us that in a looking-glass or plane 
mirror, ^ The angle of reflection is always equal to the angle 
of incidence.** 

Fa, This rule is not only applicable to plane mirrors, but 
to those which are convex and concave also, as I shall show 
you to-morrow. But I wish to make some observations first 
on plane mirrors. In the first place, if you wish to see the 
complete image of yourself in a plane mirror or looking-glass, 
it must be half as long as you are high. 

Ja. I should have imagined the glass must have been as 
long as 1 am high. 

Fa, In looking at your image in the glass, does it not seem 
to be as far behind the glass as you stand before it? 

Ja. Yes: and if I move forwards or backwards, the image 
behind the glass seems to approach or recede. 

Fa. Let a b he the b 
looking-glass, and a the 
spectator, standing oppo- 
site to it. The ray from 
his eye will be reflected in * 
the same line a «, but the 

ray chy flowing from his foot, in order to be seen at the eye, 
must be reflected by the line h a. 

Ch, So it will: for if xb be a line perpendicular to the 
glass, the incident angle will be cbxy equal to the reflected 
angle Abx, 

Fa. And therefore the foot will appear behind the glass at 
D along the line a5d; because that is the line in which the 
ray last approaches the eye. 

Ja. Is that part of the glass, aby intercepted by the lines 
AB and ad, equal exactly to half the length bd, or ac.^ 

Fa. It is: au^ and abd may be supposed to form two 
triangles, the sides of which always bear a fixed proportion to 
one another; and if ab is double of a a, as in this case it is, 
BD wiU be double of aby or at least of that part of the glass 
intercepted by ab and ad. 

Ch. This wiU hold true, I see, at whatever distance we 
may stand from the glass. 

Fa. If you walk towards a looking-glass, your image will 
ai^roach with double velocity; because the two motions are 
equal and contrary: but if, while you stand before a looking- 
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glm. your brother walk up to you from behind, his imago 
will appear to you to move at the same rate as he walks; 
although to him tlie velocity of the image will appear to be 
double; for, with regard to you, there will be but one motion, 
but, with regard to him, th^e will be two equal and contrary 
ones. 

Ja. If I look at the rejection of a candle in a looking-glass, 
I see in fact two images: one much fainter than the other. 
What is the reason of this? 

Fa, Any object strongly illuminated will appear in the 
same manner. The cause of the double image is, that a part 
of the rays which form the faint image, are immediately re- 
flected from the upper surface of the glass, while the greater 
part of them are reflected from the further surface, or silvered 
part, and form the vivid image. To see these two images 
you must stand a little sideways, and not directly before the 
glass. 

Ch, What is meant by the expression of ‘‘ an image being 
formed behind a reflector?” 

Fa, It is intended to denote that the reflected rays come to 
the eye with the same inclination as if the object itself were 
actually behind the reflector. If you, standing on one side of 
the room, see the image of your brother, who is on the other 
side, in the looking-glass, the image will seem to be formed 
behind the glass; that is, the rays come to your eye precisely 
in the same way as they would if your brother himself stood 
in that place, without the intervention of a glass. 

Ja, But the image in the glass is not so bright or vivid as 
the object. 

Fa, A plane mirror is, in theory, supposed to reflect all the 
light which falls upon it; but in practice, nearly half the 
light is lost on account of the inaccuracy of the polish, &c. 
Polished metallic specula are of as great antiquity as mirrors, 
having bfeen used by the Egyptians and Jews also. 

Ch. Did you not say that Archimedes, at the siege of 
Syracuse, burnt the ships of Marcellus by a machine composed 
of mirrors? 

Fa, Yes; these were concave mirrors: but we have no 
certain accounts that may be implicitly relied on. M. Buflpn, 
many years ago, burnt a plank, at the distance of several feet, 
which I have already related to you. 



424 


OPTICS. 


Ja. I do not see how these mirrors can act as burning- 
glasses? 

Fa. A plane mirror reflects the light and heat proceeding 
from the sun, and will illuminate and heat anj substance on 
which they are thrown, in the same manner as if the sun 
shone upon it. Two mirrors will reflect on it a double 
quantity of heat; and if 40 or 100 mirrors could be so placed 
l^at each of them may reflect the heat coming from the sun, 
on any particular substance, they would increase the heat 40 
or 100 times. 

Ch. Why is the truth of the burning of the Roman ships 
before Syracuse, by Archimedes, a question of doubt? 

Fa. One reason is, perhaps, that if he did effect that object, 
the vessels must have been aground, and very near to the 
walls of the besieged city, respecting which there may be 
some doubt: for if they were at anchor, the undulations of 
the sesL, even in the finest weather, must have so varied the 
focus, or burning point, as to defeat his intention. Had the 
object been fixed, and at no very great distance, it might have 
been accomplished. 

Ch. What is the rule for calculating the powers, of burning- 
glasses, as they are termed? 

Fa. If a lens, four inches broad, collect the sun’s rays into 
a focus, at the distance of one foot, the image will not be more 
than a tenth part of an inch broad. The surface of this little 
focal circle, therefore, will be one thousand six hundred times 
less than the surface of the lens; and, consequently, the sun’s 
light must be so many times denser within that circle. 


QUESTIONS FOB EXAMINATION. 


Of TVliat are mirrorji made ? — How | 
many kinds of mirrors are there?- 
What is the general rule with regard to 
the angle of rcQoction? — Is this rule 
applicable to mirrors of all kinds ^ — 
Of what length must a looking-glass be 
for a person to see his complete image? 
—In looking nt your image in the glass, ^ 
how much behind the glass does it ap- I 
pear to stand? — Can you explain for ! 


what fig. 16 is intendeo? — What is 
the appearance if you walk towards a 
looking-glass ? — What is the reason of 
the double image in the looking-glass f 

— How do you explain the expression 
** An image formed behind a reflector?” 

— How much light does a plane mirror 
reflect? — Have not mirrors been ap- 
plied as burning-glasses ? 
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CONVERSATION XL 

OF CONCAVE MIREOHS— rTHEIR USES — AND MODE OF ACTION. 

James. To what uses are concave mirrors applied? 

Fa. They are chiefly used in reflecting telescopes; that is, 
in telescopes adapted to viewing the heavenly bodies: and as 
you like to look at Jupiter’s moons and Saturn’s ring through 
my telescope, it may be worth your while to take some pains 
to know by what means this pleasure is afibrded you. 

Ch. I shall not object to give any attention necessary to 
comprehend how these instruments are contrived. 

Fa. AB represents a concave mirror, and 
ah, cd, ef, three parallel rays of light fall- 
ing upon it: — c is the centre of concavity; 

-*that is, one leg of your compasses being 
placed on c, and the other opened to the 
length cd, the latter will touch the mirror 
AB in all its parts. 

Ja. Then^l the lines drawn from c to the glass will be 
equal to one another, as ch, cd, and cf. 

Fa. They will: and there is another property belonging to 
them; which is, that they are all perpendicular to the glass in 
the parts where they touch. 

Ch. I'hat is, c h, and c f are perpendicular to the glass at 
h and /, as well siscd at d. 

Fa. Yes: — cd is an incident ray, but, as it passes through 
the centre of concavity, it will be reflected back in the same 
line; that is, as it makes no angle of incidence, so there will 
be no angle of reflection; a 6 is an incident ray; and I want to 
know what will be the direction of the reflected ray? 

Ch. Since c 5 is perpendicular to the glass at h, the angle 
of incidence is ah c; and as the angle of reflection is always 
equal to the angle of incidence, I must make another angle, as 
cbm equal to a he,* and then the line hm is that in which the 
incident ray will move after reflection. 

• To make an angle c6m, equal to another given one, a« nha from b as a 
centre with any radius 6jr, describe the arc jro, which will cut cb in x. t.ike the- 
distance xx in your compasses, and set off with it xo^ and then draw the Una 
bom, and the angle m6o is equal to the angle ode. 



Fig. 16. 



428 


OPTICS. 


CONVERSATION XIL 

OP CONCAVE MIRRORS, AND EXPERIMENTS ON THEM. 

Father. If you well understand what we conversed on 
yesterday, you will easily see how the image is formed by the 
large concave mirror of the reflecting telescope, when we come 
to examine the construction of that instrument. — In a concave 
mirror, the image is less than the object, when the object is 
more remote from the mirror than c, the centre of concavity; 
and in that case the image is between the object and the 
mirror. 

Ja. Suppose the object to be placed in the centre, c. 

Fa. Then the image and object will coincide: and if the 
object be placed nearer to the glass than tlie centre, c, then 
the image will be more remote, and larger than the object. 

Ch. I should like to see this illustrated by an experiment. 

Fa. Well; here is a large concave mirror. Place yourself 
before it, beyond the centre of the concavity, and, with a little 
care in adjusting your position, you will see an inverted image 
of yourself in the air, between you and the mirror, and of a 
more diminutive size than yourself. When you see the image, 
extend your hand gently towards the glass, and the hand of 
the image will advance to meet it till they both come in con- 
tact with the centre of the concavity of the glass. If you 
carry your hand still further, the hand of the image will pass 
by it, and come between it and the body. Now move your 
hand to either side, and the image of it will move towards the 
other. 

Ja. Is there any rule for finding the distance at which the 
image of an object is formed from the mirror? 

Fa. If you know the radius of the concavity of the mirror, 
and also the distance of the object from the glass, “ multiply 
the distance and radius together, and divide the product by 
double the distance, less the radius, and the quotient is the 
distance required.” 

Tell me at what distance the image of an object will be, if 
the radius of the concavity of the mirror be 12 inches and the 
object be 18 inches from it. 

Ja. 1 must multiply 18 by 12, which is equal to 216: this 
I divide by twice 18, or 36, less by 12; that is 24; but 216 
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divided by 24 gives 9, which is the number of inches re- 
quired. 

Fa, You may vary this example in order to impress the 
rule oh your memory; and I will show you another experi- 
ment. Take this bottle, partly full of water, and cork it. I 
place it opposite the concave mirror, and beyond the focus, 
that it may appear to be reversed. Now stand a little further 
distant than the bottle, and you will sec the bottle inverted in 
the air, and the water which is in the lower part of the bottle 
will appear to be in the upper part. I will invert the bottle, 
and uncork it; and whilst the water is running out the image 
will appear to be filling; when the bottle is empty, however, 
the illusion is at an end. 

Ch, Are concave mirrors ever used as burning-glasses? 

Fa, Since it is the property of these mirrors to cause 
parallel rays to converge to a focus, and since the rays of the 
sun are considered as parallel, they are very useful as burning- 
glasses; and the principal focus is the burning point. 

Ja, Is the image formed by a concave mirror always 
before it? 

Fa, In all cases, except when the object is nearer to the- 
mirror than the principal focus. 

Ch, Is the image, then, behind the mirror? 

Fa, It is; and further behind the mir- 
ror than the object is before it. Let ac 
be a mirror, and xz the object between the 
centre, k, of the glass and the glass itself; 
and the image xyz will be behind the 
glass, erect, curved, and magnified, and 
of course the image is further behind the glass than the object 
is before it. 

Ja, What would be the efiTect if, instead of an opaque object 
a? z, a luminous one, as a candle, were placed in the focus of 
a concave mirror? 

Fa, It would strongly illuminate a space of the same di- 
mension as the mirror to a great distance; and if the candle 
were still nearer the mirror than the focus, its rays would en- 
lighten a larger space. Hence you may understand the con- 
struction of many of the lamps which are now to be seen in 
many parts of London, and which are undoubtedly a great 
improvement in lighting the streets. 




Fig. 18 . X 
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QUESTIONS FOE EXAMINATION. 

How and where is the image formed (image formed by a ooncaye mirror 
in a concave mirror ? — What is the j always before it ? — In what . cases is 
rule lor finding the distance at which the image behind the minor ?— What 
the image of an ot^ect is formed from is the effect of a candle if placed in the 
the mirror? — Can concave mirrors be focus of a concave mirror? 
applied as burning-glasses? — Is the j 


CONVERSATION XHI. 

OF CONCAVE AND CONVEX MIEBOES. 

Father, We shall devote another morning or two to the 
subject of reflection from mirrors of difl'erent kinds. 

Ch, You have not said anytldng about convex mirrors; and 
yet they are now very much in fashion in handsome drawing- 
rooms. I remember seeing one, when I was at my uncle’s, 
in which the images were very much less than the objects 
themselves. 

Fa. A convex mirror is an ornamental piece of furniture, 
especially if it can be placed before a window, commanding a 
good prospect, or where there are a number of persons passing 
and repussing in their different employments. The images 
reflected from these are smaller than the objects, erect, and 
behind the surface; therefore a landscape, or a busy scen^ 
delineated on one of them, is always a beautiful object. You 
may easily conceive how the convex mirror diminishes ob- 
jects, or the images of objects, by considering in what manner 
they are magnified by the concave mirror. If x y z (fig. 18 ) 
were a straight object before a convex mirror, a c, the image 
by reflection would be ^ 

Ja. Would it not appear curved? 

Fa. Certainly: for if the object be a right line, or a plain 
surface, its image must be curved; because the different 
points of the object are not equally distant from the reflector. 
In fact, the images formed by convex mirrors, if accurately 
cc mpared with the objects, are never exactly of the true 
shape. 

. Ch. I do not quite comprehend in what znanner reflection 
takes place at a convex mirror. 
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Fa, I will endeavour, bj a figure, to 
make it plain: cd represents a convex 
mirror standing at the end of a room, be- 
fore which the arrow ab is placed on ; 
one side, or obliquely. Now tell me 
where the spectator must stand to see 
the reflected image? 

Ch, On the other side of the room. 


Fa, The eye e will represent that situation: — the rays 
from the external parts of the arrow, a and b, flow con- 
vergingly along a a and b A; and if no glass were in the way, 
they would meet at p; but the glass reflects the ray a a along 
a E, and the ray bL along b e; and, as we always transfer the 
image of an object in the direction where the rays approach 
the eye, we see the image of a, along the line E a, behind the 
glass, and the image of b along e b; and, therefore, the image 
of the whole arrow appears at s. 

By means of a similar diagram I will show you more clearly 
the principle of the concave mirror. 

Suppose an object e beyond the focus 
F, and the spectator to stand at z, the 
rays eh and ed are reflected; and 
where they meet in e, the spectator 
will see the image. Fig. 20 

Ja. That is, between himself and the image. 

Fa, He must, however, be far enough from it to receive 
the rays after they have diverged from E ; because every en- 
lightened point of an object becomes visible only by means 
of a cone of rays diverging from it: and we cease to see it if 
the rays become parallel or converging. 

Ch, Is the image inverted? 

Fa, Certainly: because the rays have crossed before they 
reach the eye. 

You may sec this subject in an- 
other point of view. Let ary be a 
concave mirror, and o the centre of a 
concavity: divide o a equally in f, 
and take the half, the third, the 
fourth, &c., of Fo, and mark these 

divisions, &c. Let a o be extended, and parts be 

taken in it equal to f o, at 2, 3, 4, &c. Now, if any of the 
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points, 1,2, 3, 4, &c., be the focus of incident rays, the cor- 
respondent points, 1, -y, -y, &c., in o F will be the focus of 

the reflected rays, and vice versa. 

Ja. Do you mean that if incident rays be at ^ or or 
J, the reflected rays will be at 2, 3, 4. 

Fa. I do; place a candle at 2, and an inverted image will 
be seen at now place it at 4, and it will also move back 
to 4-: these images may be taken on paper held in those re- 
spective places. 

Ch. I see that the further you proceed one way with the 
candle, the nearer its inverted image comes to the point f. 

Fa. True; and it never gets beyond it; for that is the 
focus of parallel rays after reflection, or of rays that come from 
an infinite distance. 

Ja. Suppose the candle were at o? 

Fa. Then the object and image would coincide: and as the 
image of an object between f and a concave speculum is on 
the other side of the speculum, this experiment of the candle 
and paper cannot be made. 

I will now just mention another experiment. At one end 
of an oblong box, about two feet long, and fifteen inches 
wide, place a concave mirror. Near the upper part of the 
opposite end a hole is made, and in about the middle of the box 
is placed a hollow frame of pasteboard that confines the view 
of the mirror. The top of the box, next the end in which the 
hole is made, is covered with a glass; but Jhe other half is 
darkened. Under the hole are placed in succession different 
pictures, properly painted, which are thrown into perspective 
by the mirror, and produce a beautiful appearance. 

QUESTION FOR EXAMINATION. 

Look to fig. 18 , and tell me whf the I rors are less than the objects them* 
images of objects seen in convex mir- | selves ? 


CONVERSATION XIV. 

©F CONVEX REFLECTION OF OPTICAL BELTTSiONS — 

OF ANAMORPHOSES. 

. Charles. Can the same experiment be made with a candle 
and a convex mirror that you made yesterday with the con- 
cave one? 
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iile to consider how 


Fig. 22. 


Fa, No; because the image is formed behind the glass; 
but it may, perhaps, be worth our while to consider how the 
effect is produced in a mirror of this 
kirr]. Let a b represent a convex 
mirror, and a/ be half the radius of 
convexity, and take a f, f o, o b, 

&c., each equal to a/. If incident 
rays flow from 2, the reflected rays 
will appear to come from behind the glass at -J. 

Ja. Do you mean that, if a candle be placed at 2, the 
image of it will appear to be formed at behind the glass? 

Fa. I do; and if that, or any other object, be carried to 3, 
4, &c., the image will also go backward to i» &c. 

C/i, Then, as a person walks towards a convex spherical 
reflector, the image appears to walk towards him, constantly in- 
creasing in magnitude till they touch each other at the surface. 

Fa. You will observe that the image, however distant the 
object, is never farther off than at f. That is the imaginary 
focus of parallel rays. 

Ja, The difference, then, between con\'ex and concave re- 
flectors is, that the point ^in the former is behind the glass, 
and in the latter it is before the glass, as f. ^ 

Fa. Just so: from the property of diminishing objects, 
spherical reflectors are not only pleasing ornaments for our 
rooms, but are much used by all lovers of picturesque scenery. 
“ Small convex reflectors,” say& Dr. Gregory, in his Economy 
of Nature^ “ are made for the use of travellers, who, when 
fatigued by stretching the eye from mountain to mountain 
of the Alpine range, can by their mirror bring those sublime 
objects into a narrow compass, and gratify the sight by pic- 
tures which the art of man so vainly attempts to imitate.” 

Concave mirrors have been used for many different pur- 
poses; and, with a little ingenuity, a thousand optical illu- 
sions by means of them can be practised on the ignorant. 

Ch. I remember going with you to see an exhibition in 
Bond- street, which you said depended on a concave mirror, 

I was desired to look into a glass. I did so, and started back; 
for I thought the point of a dagger’ would have been in my 
face. I looked again, and a death’s head snapped at me; and 
then I saw a most beautiful nosegay, which I wished to grasps 
out it vanished in an instant. 
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Fa, I will explain how 
these deceptions are managed. 

Let E F be a concave mirror, 

10 or 12 inches in diameter, 
placed in one room; ab the 
wainscot that separates the 
spectator from it, in which there is a square or circular open- 
ing exactly facing the mirror. A nosegay, for instance, is now 
inverted at c, which must be strongly illuminated by means 
of an Argand lamp; but no direct light from the lamp is to 
fall on the mirror. A person standing at g will see an image 
of the nosegay at d. 

Ja, What will cause it to vanish? 

Fa, In exhibitions of this kind there is always a person 
behind the wainscot, in league with the man attending on 
the spectator, who, upon some hint, or signal, previously 
understood between them, removes the real nosegay. 

Ch, Did, then, the approaching sword, and the advancing 
death’s-head, &c., which so alarmed me, depend on the move- 
ments of the man behind the scene? 

Fa, They did: and persons have undertaken to exhibit 
the ghosts of the dead by contrivances of this kind; for if a 
drawing of the deceased be put in the place of the nosegay, it 
may often be done. But such exhibitions are not to be re- 
commended, and indeed ought never to be practised, particu- 
larly on ladies and nervous individuals, nor even on the 
stronger minded: the whole process ought to be explained to 
the astonished spectator afterwards. 

If a large concave mirror be placed before a blazing fire, 
so as to reflect the image of the fire on the flap of a bright 
mahogany table, a spectator suddenly introduced in the room 
would suppose the fire to be on the table. 

If two large concave mirrors, A ^ 

and B, be placed opposite each other .. . 

at the distance of several feet, and 

red-hot charcoal be put in the focus Fig. 24, 

D, and some gunpowder in the other focus c, it will pre- 
sently take fire. The use of a pair of bellows may be neces- 
sary to make the charcoal burn strongly. This experiment 
may be varied by placing a thermometer in one focus, and 
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lighted charcoal in the other; and it will be seen that the 
quicksilver in the thermometer will rise as the fire increases^ 
though another thermometer at the same distance from the 
fire, but not in the focus of the glass, will not be afiected 
by it. 

Ja, I have seen concave glasses which rendered my face 
as long as my arm, or as broad as my body. How are these 
made? 

Fa. These images are called anamorphoses, a term derived 
from two Greek words, ana (ava), “ backward,” and morphe 
“ a shape or form.” They are produced from 
drical concave mirrors; and as the mirror is placed either 
upright or on its side, the image of the picture is distorted 
into a very long or very broad image. 

Keflecting surfaces may be made of various sliapes, and if 
a regular figure be placed before an irregular reflector, the 
image will be deformed; but if an object, such as a picture, 
be painted deformed, according to certain rules, the image 
will appear regular and proportional. Such figures and re- 
flectors are sold by opticians; and they serve to astonish those 
who are unacquainted with these subjects. 

You must have now perceived that a surface may be so 
constructed that it shall reflect the rays of any one pencil of 
light in such a manner as to cause them to converge to a 
point, diverge from a point, or proceed parallel to each other. 

Ch. Yes; that surface may be either plane or curved. But 
is there anytliing in common 'between the properties of con- 
vex lenses and those of concave mirrors? 

Fa. There is, in a great measure; for convex lenses and 
concave miiTors form an inverted focal image of any remote 
object, by causing the convergence of the pencil of rays. 
Concave lenses and convex mirrors form, in general, an erect 
image in the virtual focus, by the divergence of the pencil 
of rays. In those telescopes which act by the effects of re- 
flection, the concave mirror is used instead of the convex 
lens, and the convex mirror instead of the concave lens. 

Ch. In what, then, do they diifer? 

Fa. They must necessarily, when combined, differ from 
the disposition of lenses, on account of the opacity of the one 
and the transparency of the other. 

FF 2 



486 


OPTICS. 


Ch. As we have already learned that in burning-glasses 
by reflection the burning-spot is merely the picture of the 
sun A)rmed by a concave miiTor held parallel to the disk of 
the sun; what, then, are we to understand as to the degree of 
heat at the luminous spot, when compared with the ordinary 
heat of the sun? 

Fa, It is in proportion as the area of the mirror is to the 
area of the spot; because the spot is invariably in the middle, 
between the surface of the mirror and its centre. But this is 
to be understood only of the quantity of heat originally col- 
lected, which We must suppose to be augmented in the same 
manner as in burning-glasses by refraction. 


QUESTIONS FOR EXAMINATION. 


What i8 the appearance if a person 
walks towards a convex spherical re- 
flector?— Does the distance of the 
image increase in proportion to the dis- 
tance of the object ? — What is the 


difference between convex and concave 
reflectors ? — 'I'o what uses have con- 
vex reflectors been applied? — What 
are concave mirrors used for?— How 
are anamorphoses produced ? 


CONVERSATION XV. 

OF THE DIFFERENT PARTS OF THE EYE. 

Charles. Will you now, Papa, describe the nature and con- 
struction of the telescope? 

Fa. I think it will be better first to explain the several parts 
of the eye, and the nature ofivision in the simple state, before 
we treat of those instruments which are designed to assist it. 

Ja, I once saw a bullock’s eye dissected, and was told that 
it was just like the human eye in the con- 
struction of its several parts. 

Fa, The eye, when taken from the 
socket, is nearly of a globular form, and , 
composed of three external coats or skins, 
and three internal substances, called hu- 
mours. This figure represents the section 
of an eye; that is, an eye cut through the * Fig 
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middle; and this the front view of 
the eye, as it appears in the head. 

C%. Have these coats and hu- 
moTirs all different names? 

Fa^ Yes: the external coat, 
which is represented by the outer 
circle, a b c d E, is called the &ch- Fig. 26 . 

7'otica, or sclerotic membrane, 

fi om the Greek word scUros {(tkXtipoq), ‘‘ hard;” it is the hard 
outer coating; the front part, ca?D, is perfectly transparent; 
and is called the cornea ; beyond this, towards B and e, it is 
white, and called the white of the eye. The next coat, 
which is represented by the second circle, is called the 
choroid membrane^ forming the interior coating of the scle 
rotic. 

Ja, This circle does not go all round. 

Fa, No: the vacant space, ahy is that which we call the 
pupil ; and through this alone the light enters the eye. 

Ch, What do you call that part which is of a beautiful blue 
in some persons, and in others brown, or almost black? 

Fa, That (as ac, ie,) is part of the choroid memhranej and 
is called the iris, from possessing various colours. 

Ch, How is it that the iris is sometimes much larger than 
it is at another? 

Fa, It is composed of a peculiar structure, which contracts 
or expands according to the intensity of the light which is 
present. Let your brother stand in a dark corner for two or 
three minutes, and then look at his eyes. 

Ch, The iris of each, I perceive, is very small, and the 
pupil large. 

Fa, Now let him look steadily pretty close to the candle. 

Ch, The iris is considerably enlarged, and the pupil of the 
eye is but a small point in comparison of what it was before. 

Fa, Did you never feel a peculiar affection of the eyes 
when candles were suddenly brought into the room, after you 
had been sitting some time in the dark? 

Ja, Yes, on several occasions; and others with me have 
felt the same. 

Fa, By sitting so long in the dark, the iris had become 
very much contracted, and the pupil being large, more light 
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was admitted than it could well bear, and therefore, till time 
was aikiwed for the* iris to adjust itself, the peculiar sensation 
would be felt. 

Ch. What do you call the third coat, which, from the 
figure, appears to be still less than the choroid membrane? 

Fa, It is called the retina^ from the Latin term for net- 
work. It forms a pulpy film, which serves to receive the 
images of objects which are produced by the refraction of the 
different humours of the eye, and are painted, as it were, on 
the surface. 

Ch, Are the humours of the eye intended for refracting 
the rays of light, in the same manner as glass lenses? 

Fa, They are; and they are called the vitreous and aqueous 
humours, and the crystalline lens. The vitreous humour fills 
up all the space, z z, at the back of the eye; it is nearly of the 
same refractive power as glass. The crystalline lens is repre- 
sented by in the shape of a double convex lens: and the 
aqueous^ or watery humour, fills up all that part of the eye 
between the crystalline lens and the cornea c a: n. 

Ja, What does the part a, at the back of the eye, repre- 
sent? 

Fa, It is the optic nerve, which serves to convey to the 
brain the sensations produced on the retina, and by and by 
we shall endeavour to explain the oflice of these humours in 
effecting vision. In the meantime, I would request you to 
consider again what I have told you of the different parts of 
the eye, and examine, at the same time, both the figures, 25 
and 26. 

Ja, We will: but you have said nothing about the uses of 
the eye-brows and eye-lashes. 

Fa, 1 intended to reserve this till another opportunity, but 
I may now say that the eye-brows, called the superciliay de- 
fend the eye froin too strong a light, and likewise prevent the 
injuries that might happen by the sliding of substances down 
the fi:M*ehead into the eyes. 

The eye-lids act like curtains to cover and protect the 
eyes during sle^. When we are awake, they diffuse a fluid 
over the eye, which keeps it clean and well adapted for 
trsansmittiiiig the rays of light. 

The eye-lashes, or cfYia, in a thousand i]i8taiice8,guard the 
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eye from danger, and protect it 
tl>e atmosphere abounds. 

QUESTIONS FOB 

'i.>r what is the eye composed ? — 
Which is the sclerotica? — Which is 
the cornea, and why is it so called ? — 
Which is the choroid membrane? — 
Which is the part called the iris?— 
Why is the aperture within this larger 
at one time than at others ? — Why do 
we feel uneasiness if we are suddenly 
introduced to the light after having 
been some time in the dark ? — Which 


from floating dust, with which 


EXAMINATION. 

is the retina, and what is its use? 

For what are the humours of the eye 
intended ? — What arc the names given 
to them ? — Which is the vitreous 
humour, and why is it so called? — 
What is the crystalline humour?— 
How is the aqueous humour situated? 
— What is the optic nerve for? — De- 
scribe the uses of the eye-hrows, the eye- 
lids. and eye-lashes. 


CONVERSATION XVL 

OF THE EYE, AND VISION. 

Charles, I do not understand what you meant when you 
said that the optic nerve served to convey to the brain the 
sensations produced on the retina. 

Fa, Nor do I pretend to tell you in what manner the image 
of any object painted on the retina of the eye is calculated to 
convey to the mind an idea of that object: but I wish to show 
you that the images of the various objects which you see are 
painted on the retina. Here is a bullock’s eye, from the back 
part of which I cut away the three coats, but so as to leave 
the vitreous humour perfect. I will now put against the 
vitreous humour a piece of white paper, and hold the eye 
towards the window. What do you see? 

Ja, The figure of the window is drawn upon the paper, 
but it is inverted. 

Fa, Open the window, and you will see the trees in the 
garden, or any other bright object, drawn upon it in the same 
inverted position. 

Ch, Does the paper, in this instance, represent the inner- 
most -coat, called the retina? 

Fa, It does: and I have made use of paper, because it is 
easily seen through; whereas* the retina being opaque, trans- 
parency would be of no advantage to it. The retina, by means 
of the optic nerve, conveys the images depicted on it to the 
lirain, and it is nothing more nor less than an expansion of 
the optic nerve. 
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Ja, And does it convey the idea of every object that is 
painted on the retina? 

Fa. It is imagined to do so; for we have an idea of whatever 
is drawn upon it. When I direct my eyes to you, the image 
of your person is painted on the retina of my eye, and, there- 
fore, I make use of the expression, I see you.” So of any- 
thing else. 

Ch. You said the rays of light proceeding from external 
objects were refracted in passing through the different 
humours of the eye. 

Fa. They are, and converged to a point, or there would be 
no distinct picture drawn on the retina, and of course no 
distinct idea conveyed to the mind. I will show you what I 
mean by this figure; taking an arrow again as an illustration. 

As every point of an object arc sends out rays in all 
directions, some rays from each point on the side next the 
eye will fall upon the cornea between x y, and, by passing 
through the humours of the eye, will be converged and brought 
to as many points on the retina, and will form on it a distinct 
inverted picture, c, 6, a, of the object. 



Ja. This is done in the same manner as you showed us, by 
means of a double convex lens. 

Fa. Yes, all three of the humours have some influence in 
refraciing the rays of light; but the crystalline is the most 
powerful, and that is a double convex lens: you see that tlio 
rays from a are brought to a point at a, those from b will be 
converged at 6, and those from c at c, and of course the inter- 
mediate rays between a and b, and b and c will be formed 
between a and ft, and ft and c. Hence the object becomes 
visible by means of the image of it drawn on the retina. 

Ch. Since the image is inverted on the retina, how is it 
that we see things in the proper position? 
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Fa, That is a proper question, but one that is not very 
readily answered. It is well known that the sense of touch 
or feeling very much assists the sense of sight. Some paint* 
ings are so exquisitely finished, and so much resemble sculpture, 
that the eye is completely deceived. We then naturally extend 
the hand to aid the sense of seeing. Children, who have to 
learn the use of all their senses, make use of their hands in 
everything: they see nothing which they do not wish to handle; 
and therefore it is not improbable that by the sense of the 
touch they learn, unawares, to rectify that of seeing. The 
image of a chair or table, or any other object, is painted in an 
inverted position on the retina: they feel and handle it, and 
find it erect; the same result perpetually recurs; so that, at 
length, long before they can reason on the subject, or even 
describe their feelings by speech, the inverted images give 
them an idea of an erect object. 

Ch. I can easily imagine that this would be the case with 
common objects, such as are seen every day and every hour. 
But will there be no difficulty in supposing that the same must 
happen with regard to anything which I had never seen 
before? I never saw ships sailing on the sea till within this 
month; but when I first saw them, they did not appear to me 
in an inverted position. 

Fa, But you have seen water and land before; and they 
appear to you, by habit and experience, to be lowermost, 
though they are painted on the eye in a different position; 
and the bottom of the ship is next the water, and consequently, 

f you refer the water to the bottom, so you must the hull of 
e ship which is connected with it. In the same manner all 
the parts of a distant prospect are right with respect to each 
other; and therefore, though there may be a hundred objects 
in the landscape entirely new to you, yet, as they all bear a 
relation to one another, and to the earth on which they are, 
you refer them, by experience, to an erect position. 

Ja, How is it that, in so small a space as the retina of the 
eye, the images of so many objects can be formed? 

Fa, Dr. Paley,* in his Natural Theology, tells us, ^‘The 
prospect from Hampstead Hill is compressed into the compass 
of a sixpence, yet circumstantially represented. A stage 

• Sec Paley’8 Natural Theology, p. 86, 7th edit., or p. IS, in the Analyiis of 
t!iat work, by the author of these Dialogues. 
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coach, travelling at its ordinary rate, for half an hour, passes 
in the eye only over one twelfth part of an inch, yet the change 
of place is distinctly perceived throughout its whole progress.” 
This assertion we all know to be true. Go to the window 
and look steadily at the prospect before you, and see how 
many objects you can discern without moving the eye. 

Ja. I can see a great number very distinctly indeed; besides 
which, I can discern others, on both sides, which are not so 
clearly defined. 

C7^. 1 find another difficulty. We have two eyes; on both 
of which the images of objects are painted. How is it that 
we do not see every object double? 

Fa, When an object is seen distinctly with both eyes, their 
axes are directed to it, and the object appears single; for the 
optic nerves are so constructed, that the correspondent parts, 
in botli eyes, lead to the same place in the brain, and excite 
but one sensation. But if the .axes of both eyes are not 
directed to the object, that object seems double. 

Ja, Does that ever occur? 

Fa, Look at your brother, while I push your right eye a 
little out of its place towards the left. 

Ja, I see two brothers; the one receding to the left hand 
of the other. 

Fa, The reason is this: by pushing the eye out of its 
natural place, the pictures in the two eyes do not fall upon 
correspondent parts of tlie retina, and therefore the sensations 
from each eye are excited in difierent parts of the brain. 

You now understand pretty clearly, I hope, the effect 
of different lenses, in distributing or collecting rays of light; 
and as the eye is formed of lenses, in the different humours 
it contains, you have, doubtless, a much better idea of the 
action of that important organ than you had before. 

Ch, But what are the particular uses of the vUreotis and 
aqueous humours, and of the crystalline lens, you have alluded 
to? 

Fa, The chief use of the aqueous or watery humour is 
apparently to preserve the proper curvature of the tunica 
cornea^ so as to allow of the undisturbed motions of the iris 
which floats in it. It is a meniscusy and embraces the anterior 
portion of the crystaHine lens. Its anterior surface is covered 
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by the cornea, which forms the anterior transparent portion 
of the eye. 

€h. What is the peculiar use of the crystalline lens? 

Fa, It performs the important office of accurately conveying 
the rays of light to the surface of the retina, and is a double 
convex lens formed from unequal radii, the convexity from 
the shorter radius being placed inwards. Its refractive den- 
sity is greater than those of the humours that surround it. 

Ch. What is the use of the vitreous or glassy humour? 

Fa, It is apparently to keep the crystalline lens at such a 
distance, as to make the rays of light fall on the retina, and also 
to spread the retina smoothly before the light. It is also a 
meniscus. It embraces in its concave surface, the internal 
convexity of the crystalline lens, and its convex surface is sur- 
rounded by the retina. 

Ch, I have often heard mention of the ciliary ligament; 
what does that mean, Papa? 

Fa, It is a white ligament attached to the circumference 
of the crystalline lens. The sclerotica^ or external tunic or 
coat of the eye, is to preserve, by its hardness, the globular 
figure of the organ, and by its strength and elasticity, the 
delicate parts of the interior are defended. It forms the white 
of the eye. 

Ch, What is the use of the cornea,^ Papa? 

Fa, Its use is to cover the front of the eye, and it may 
with reason be termed its window; the plates of which it is 
composed being of the most brilliant transparency. It is so 
hard, that it will sometimes break the point of a needle, when 
applied to it for any operation; and by this quality it defends 
the eye from injury. Through its colourless transparency, 
the rays of light find an easy passage to the retina. 

The choroid membrane adheres to the sclerotica within, 
and at the circumference of the cornea joins the iris through 
the ciliary ligament. It is composed of two layers, the inner 
of which secretes a peculiar substance, called the pigmentum 
nigrum^ or black pigment, which is spread over the whole 
inner surface of the eye, in immediate contact with the retina. 
Its use is to absorb all those rays of light which would other- 
wise have been reflected from the surface of the retina, and 
interfered with the perfect formation of the image. 

Ja, What is the use of the iris, Papa? 
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Fa. It is to regulate the quantity of light admitted by the 
aperture in its centre, called the pupil; and it takes its name^ 
as I have before observed, on account of its variety and beauty; 
the colour depending on the reflection of light from the velvet- 
like surface of the membrane. 

Ja. What did you say. Papa, the third or inner coat of the 
eye was composed of, which you called the retina? 

Fa, It is an expansion of the optic nerve, consisting of a 
thin membrane covered with numerous veins, arteries, and 
absorbent vessels, upon which the threads of the optic nerve 
are wrought into a delicate and beautiful net-work. The 
retina is the seat of vision, on which all external images 
are refracted by the different humours of the eye, and painted, 
as it were, upon its surface. 

Ch. But what is the reason we hear some people complain 
of being short-sighted? 

Fa, Short-sightedness arises from too great a convexity 
of the cornea, and too great a density of the crystalline lens, 
by both of which the visual rays from near objects are brought 
to a focus before they reach the retina. 

CK And why are old persons often long-sighted? 

Fa, Because their eyes lose the power of adjusting them- 
selves to short distances, as they advance in age; the cornea 
gradually becoming flatter, and the power of the crystalline 
lens diminishing. 

Ch, How is the eye moved? 

Fa, By means of muscles: there are four denominated 
straight^ and two oblique^ the former to direct the motions of 
the eye upwards, downwards, and laterally, and the latter to 
govern its oblique movements. The four straight muscles, 
when acting together, retract the eye-ball and slightly com- 
press it, so as to enable it to accommodate itself to various 
distances. 

Ch, What are tears? 

Fa, Tears are composed of a fluid, which a kind Providence 
has given us for the purpose of moistening the surface of the 
eye-ball, and cleansing it of its impurities, by the aid of the 
action of the eye-lids. 

Ch, What produces this fluid? 

Fa, It is secreted from a gland situated in the hollow of a 
bone, just under the outer end of the brow; and called tl:S 
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lachrymal gland, the peculiar office of which is to secrete the 
fluid from the blood, into a’ number of small tubes or ducts, 
which convey it as circumstances of excitement or accident 
may require. 

Ch. Is this discharge necesiiary during sleep? 

Fa. If the fluid were not kept from the eye during sleep, 
it might be fatal to the sight. The same Providence which 
has supplied the tears, has provided for all emergencies. 
When the eye-lids are closed, the fluid is collected in the inner 
angles of the eyes, and absorbed by capillary attraction into 
the small holes, called the puncta lachrymalia, then dis- 
charged into a receptacle, called the lachrymal sac, and thence 
emptied into the nostril, where it is speedily evaporated by the 
constant passage of warm air produced in breathing. 

Ch. What is the use of the eye-brows? 

Fa. They prevent the perspiration collected on the brows 
during fatigue, from falling into the eyes, which might be 
irritcated by it. 

Ch. What reason can be given for the variation in the form 
and colour of the eyes in people of different nations? 

Fa. Thei'e can be little doubt that the wise intention of 
the Creator was thereby to adapt them to the difference of 
climate, where the same kind of eye would be unable to adapt 
itself to a greater or less degree of light and heat. 

QUESTIONS FOR EXAMINATION. 

How is the image of any oliject painted objects In the proper erect position, 
on the retina of the eye ? — Show me, since they are inverted on the retina? 
by fig. 27, how the rays of light are ^ — Is there no difiiculty in reconciling 
refracted in passing through the different ! this theory to objects never seen before ? 
humours of the eye. — Do all the hu- [ — Why do we not see objects double ? 
mours refract the rays of light, and — By what means do we see objecta 
which has the greatest effect upon them ? double ? 

— • How is it that we see the images of 


CONVERSATION XVIL 

OP SPECTACLES, AND OP THEIR USES. 

Charles. Why do people wear spectacles? 

Fa. To assist the sight, which may be defective from 
▼arious causes. Some eyes are too flat, others are too convex: 
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in some the humours lose a part of their transparency, and 
on that account much of the light that enters the eye i» 
stopped, and so lost in the passage that every object appears 
dim. The eye, without light, would be a useless machine. 
Spectacles are intended to collect the light, or to assist the 
eye in bringing it to a proper degree of convergency, where 
that organ cannot refract it sufficiently. 

Ch. Are spectacle-glasses always convex? 

Fa, No: they are convex when the eyes are too flat; but 
if the eyes are dready very convex, then concave glasses are 
used. You know the properties of a convex glass? 

Ja, Yes ; it is to make the rays of light converge sooner 
than they otherwise would. 

Fa, Suppose, then, a 

person unable to see ob- ^ to * 

jects distinctly, owing — - 


person unable to see ob- ^ '"‘A 

jects distinctly, owing fhd 

to the cornea c d, or toar'' ^ __ ■ — — 
the crystalline lens, a % 

6 , or both, being too flat. 

The focus of rays pro- Fig. 28. 

ceeding from any object, a:, will not be on the retina, where 

it ought to be, but atz, beyond it. 

Ch, How can it be beyond the. eye? 

Fa, It would be beyond it, if there were anything to receive 
it. As it is, the rays flowing from x will not unite at rf, so 
as to render vision distinct. To remedy this, a convex glass, 
m riy is placed between the object and the eye; by means of 
which the rays are brought to a focus sooner, and the image 
is formed at d. 


Ja. Now I see the reason why people are obliged, some- 
times, to make trial of many pairs of spectacles before they 
get those that will suit them. They cannot tell exactly what 
degree of convexity is necessary to bring the focus just to the 
retina. 


Fa, You are right; for the shape of the eye may vary as 
much as that of their countenance. Of course, a pair of 
spectacles that might suit you would not be adapted to an- 
other, whose eyes should require a similar aid. Wliat is the 
property of concave glasses? 

CA. They cause the rays of light to diverge. 
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Fa. Thcai, for 
very round and glo- 
bful^ eyes, these 
will be useful; be- 
cause, if the cornea, 
c D, or crystalline ‘ 
lens, a by be too 
convex, the rays 29. 

flowing from x wiU unite into a focus before they arrive at 
the retina, as at z, 

Ch, If the sight, then, depend on sensations produced on 
the retina, such a person will not see the object at all, because 
the image of it does not reach the retina. 

Fa, True: but at z the rays cross one another, and pass on 
to the retina, where they will produce some sensations, but 
not those of distinct vision, because they are not brought to a 
focus tliere. To remedy this, the concave glass m n is inter- 
posed between the object and the eye, which causes the rays 
coming to the eye to divergey and, being more divergent when 
they entei' the eye, it requires a very convex cornea or crys- 
talline lens to bring them to a focus at the retina. 

Ja, I have seen old people, when examining an object, hold 
it a good distance from their eyes. 

Fa, Because, their eyes being too flat, the focus is thrown 
beyond the eye, and therefore they hold the object at a distance 
to bring the focus z (fig. 2b) to the retina. 

Ch, Very short-sighted people bring objects close to their 


eyes. 

Fa, Yes ; I once knew a young man who was accustomed, 
when looking at his writing, to blot with liis nose what 
he had written with his pen. In this case, bringing the object 
near the eye produces a similar effect to that produced by 
concave glasses: because, the nearer the object is brought to 
the eye, the greater is the angle under which it is seen; that 
is, the extreme rays, and of course all the others, are mSuC 
more divergent. 


If you imagine E to be the 
eye, and the object a b, seen 
at Zy and also at Xy double 
the distance, will iiot the 
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same object appear, under different angles to an eje so 
situated? 

Ja, Yes, certainly; a 'k b will be larger than c and 
will include it. 

Fa. Then the object brought very near the eye has the 
same effect as magnifying the object, or of causing the rays 
to diverge; that is, though a h and c d are of the same length, 
yet a ft, being nearest to the eye, will appear the largest. 

Ch. You say that the eyes of old people become flat by age. 
Is that the progress of nature? 

Fa. It is; and therefore people who are very short-sighted 
while young, will probably see well when they grow old. 

Ja. That is an advantage denied to ordinary eyes. 

Fa. But people blessed with ordinary sight should be 
thankful for the benefit they derived while young. 

Ch. And I am sure we cannot too highly estimate the 
science of optics, which has afforded such assistance to defective 
eyes, which, in many circumstances of life, would be useless 
without them. 

Fa. When, and by whom spectacles were invented, is not 
accurately known; they seem to have been introduced in the 
13th century, and some assign the invention to Roger Bacon, 
about 1280. 


QUESTIONS FOR EXAMINATION. 

In what way do spectacles assist the | with a remedy in spectacles. Why do 
sight? — Of what form are spectacle- | some old people in examining small 
glasses? ~ Explain how a person may objects hold them at a distance from 
have his sight assisted whose eye is too the eye ? — Wliy do short-sighted peo- 
flat. — Why do the people try many pie bring objects close to their eyes ? — 
pairs of spectacles before they suit them- Explain this by fig. 30. — Why do peo- 
eelves ?— Explain, by fig. 2 U, how a pie who were short-sighted while young 
person with eyes too round would meet see Hbetter as they advance in years ? 


CONVERSATION XVIIl. 

OF THE RAINBOW. 

Father. You have frequently seen a rainbow ? 

Ch. Oh, yes, and very often two at the same time, one 
above the other; the lower one by far the most brilliant. 

Fa. Tliis is, perhaps, the most beautiful meteor in nature. 
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It never makes its appearance but when a spectator is situated 
between the sun and the shower. 

Ja. Is a rainbow occasioned by the falling drops of rain? 

Fa, Yes; it depends on the reflection and refraction of the 
rays of the sun by the falling drops. 

Ch, I know now how the rays of the sun are refracted by 
water. Are they also reflected by it? 

Fa, Yes; water, like glass, reflects some rays, while it 
transmits or refracts others. You know the beauty of the 
rainbow consists in its colours. 

Ja, Yes; “ the colours of the rainbow*' is a very common 
expression. I have been told that there are seven of them; 
but it is seldom that so many can be clearly distinguished. 

Fa, Perhaps that is owing to your want of patience I 
will show you the colours first by means of the prism. If a 
ray of light, s, be admitted into 
a darkened room, through a small 
hole in. the shutter, its natural 
course is along the line to d; but 
if a glass prism, ac, be intro- 
duced, the whole ray will be bent 
upwards, and if it be received on 
any white surface, as mn, it will 
form an oblong image, p T, the breadth of which is equal to 
the diameter of the hole in the shutter. 

Ch, This oblong is of different colours in different parts. 

Fa, These are the colours of the rainbow. 

Ja, But how is the light which is admitted by a circular 
hole in the window spread out into an oblong? 

Fa, If the ray were of one uniform substance, it would be 
equally bent upwards, and make only a small circular image. 
Since, therefore, the image or picture is oblong, it is inferred 
that it is formed of rays differently refrangible, some of which 
are turned more out of the way, or more upwards than others; 
those which go to the upper part of the spectrum being most 
refrangible; those which go to the lowest part are the least 
refrangible: the intermediate ones possess more or less re- 
frangibility. Can you distinguish the seven colours? 

Ch, Yes; here are the violet, indigo, blue, green, yellow^ 
orange^ and red. 

Fa, These colours would be still more beautiful if a convex 
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lens were interposed, at a proper distance, between the shutter 
and the prism. 

Ja, How does this apply to the rainbow? 


Fa, Suppose a to be a drop 
of rain, and sd b, ray from the 
Sun falling upon or entering it 
at d, it will not go to c, but be 
refracted to n, where a part 
will emerge; but a part also 
will be reflected to 9 , where it 
will go out of the drop, which, 
acting like a prism, separates 
the ray into its primitive 
colours, and the violet will be 
uppermost, the red lowermost. 

Ck, Is it at any particular 
formed? 
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angle that these colours are 


Fa. Yes; they are all at fixed angles: the least refrangible, 
or red, makes an angle with the solar incident ray, equal to 
little more than 42 degrees; and the violet, or most refran- 
gible ray, will make with the solar ray an angle of 40 degrees; 
thus — the .ray &d proceeds to fe; therefore the angle made 
" with the red ray is sfq, and that made with the violet ray is 
• scg; the former being 42® 2', the latter 40° 17'. 

Ck. Is this always the case whether the sun is higher or 
lower in the heavens? 


Fa. It is. but the situation of the rainbow will vary ac- 
cording as the sun is high or low; that is, the higher the sun, 
the lower will be the rainbow: a shower has been seen on a 


mountain by a spectator in a valley, by which a complete cir- 
cular rainbow has been, exhibited. 

Ja. And I remember once standing on a lofty hill when 
there was a heavy shower, and while the sun shone very 
bright, all the landscape beneath, to a vast extent, seemed to 
be painted with the prismatic colours. 

Ck. You have not explained the reason of the upper or 
fainter bow. 


Fa. The two bows have the name of the •primary and the 
aecondfaTy rainbow: the latter is formed by two refractions and 
two reflections. Suppose the ray xr to be entering the drop 
B at r. It is refracted at r, reflected at s, reflected again at U 
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Bud refracted as it goes out at s, which will account for its 
appearance to the spectator as at g. Here, however, the 
colours are reversed; the angle formed by the red ray is 51% 
tand that formed by the violet is 64®, 

Ja. Does the same thing happen with regard to a whole 
shower, as you have shown with respect to the two drops? 

Fa. Certainly: and by the constant falling of the rain, the 
image is preserved constant and perfect. Here is the repre- 
sentation of the two bows. The 
rays come in the direction sa, and 
the spectator stands at e with his 
back to the sun, or, in other words, 
he must be between the sun and the 
shower. 

This may be illustrated in another way. If a glass globule 
filled with water be hung sufficiently high to appear red before 
you, when the sun is behind, let it descend gradually, and you 
will see, in the descent, all the other six colours follow one 
another. Artificial rainbows may be made with a common 
watering pot, but much better with a syringe fixed to an 
artificial fountain; and I have seen one by spirting up water 
from the mouth. It is often seen in cascades, in the foaming 
of the waves of the sea, in fountains, and even in the dew on 
the grass. 

Dr. Langwith has described a rainbow which he observed 
lying on the ground; the colours of which were almost as 
lively as those of the common rainbow. It was extended 
several hundred yards; and the colours were so strong, that 
it might have been seen much further if it had not been ter- 
minated by a bank and the edge of a field. 

Rainbows have also been produced by the reflection of the 
sun’s beams from a river; and Mr. Edwards describes one 
which must have been formed by the exhalations from the 
city of London, when the sun had been set twenty minutes. 

I may observe here that the light which passes through 
drops of rain, by two refractions without reflection, will 
appear strongest at the distance of about twenty-six degrees 
from the sun, and it will diminish gradually both ways as the 
distance from the sun increases and decreases. The same is 
to be understood of light transmitted through spherical hail- 
stones: and if the hail be somewhat flat instead of round, the 

G G 2 
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light transmitted may increase so much, at a little less distance 
than twenty-six degrees, as to form a halo about the sun and 
moon; which halo, when the hailstones are duly figured, will 
probably be coloured — red within, by the least refrangible 
rays, and violet without, by those the most refrangible. The 
light which passes through a drop of rain, after two refractions, 
and two or more reflections, is scarcely strong enough to cause 
a sensible bow. 

Ja, I have sometimes noticed different colours in the 
clouds as well as in rainbows. What is the cause of this. 
Papa? 

Fa. When vapours arc first raised by the heat of the sun, 
each single particle has a repelling force, keeping the other 
particles at a distance, which causes the atmosphere to be 
transparent, although the vapours are suspended in it, each 
particle being too small to cause reflection: but when the 
vapours are condensed by cold, and the single particles unite 
with each other, and form watery globules of different sizes, 
those globules, according to their various sizes, will reflect 
some colours and transmit others; thereby constituting clouds 
of different colours. 

QUESTIONS I OR EXAMINATION. 

When are rainbows seen ? — Rywhat rainbow yary in proportion to the 
is a rainbow occasioned, and on what height of the sun? — Is the rainbow 
does it depend ? — How many colours ever seen below the spectator? — How 
are there in the rainbow ? — Can you do you account for tlie upper bow ? — 

explain, by fig. 31, how a ray of light is Show how it happens by the figure 

divided by the prism? — Why is the By what means is the image of the 
image oblong? — Show, by fig. 32, how rainbow preserved perfect and con- 
tbis is applicable to the rainbow. — At stant? — How are artificial rainbows 
what pmlicular angles are the colours produced ? 
formed? — Does the situation of the | 


CONVERSATION XIX. 

OF THE REFRACTING TELESCOPE. 

Father. We now come to describe the structure of tele- 
scopes, of vrhich there are two kinds, — viz., the refracting 
and the reflecting telescope. 

Ch. The refracting telescope depends, I suppose, upcm 
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lenses for the operation; and the reflecting telescope acts 
chiefly by means of mirrors. 

Fa, These are the general principles by which they are 
distinguished; and we will now devote a little time to the ex- 
planation of the refracting telescope. Here is one, completely 
fitted up. 

Ja, It consists, I perceive, of two tubes and two glasses. 

Fa. The tubes are intended to hold the 
glasses, and to confine the view. I will there- 
fore explain the principle by the following 
figure, in ■w'hich is represented the eye, ab, the 
two lenses, mn^ oq^ and the object, xy. The 
lens, o^, which is nearest to the object, is 
called the object-glass, and that, ww, nearest to 
the eye, is called the eye-glass. 

Ch. Is the object-glass a double convex, and 
the eye-glass a double concave lens? 

Fa. It happens so in this particular instance; 
but it is not necessary that the eye-glass should 
be concave: the object-glass must, however, in 
all cases, be convex. 

Ch. I see exactly, from the figure, why the 
eye-glass is concave: for the convex lens con- 
verges the rays too quickly, and the focus by 
that glass alone would be at e: and therefore 
the concave lens is put neai* the eye, to make 
the rays diverge so much as to throw them tp the retina 
before they come to a focus. 

Fa. But that is not the only reason: by coming to a focus 
at E, the image is very small, in comparison of what it is 
when the image is formed on the retina by means of the con- 
cave lens. Can you explain the reason of all the lines which 
you see in the figure? 

Ja, I think I can. There are two pencils of rays flowing 
from the extremities of the arrow, which is the object to be 
viewed. The rays of the pencil, flowing from a*, go on di- 
verging till they reach the convex lens, oq^ when they will 
be so refracted, by passing through the glass, as to cx)nverge, 
and meet in the point x. Now the same maj' be said of the 
pencil of rays proceeding from y; and, of course, of all the 
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pencils of rajs flowing from the object between x and y. So 
that the image of the arrow would, bj the convex lens, be 
formed at e. 

-Fo. And what would happen if there were no othw 
glass? 

Ja. The rays would cross each other and be divergent; so 
that, when they reached the retina, there would be no distinct 
image formed, but every point, as x or y, would be spread 
over so large a space, as to cause the image to be confused. 
To prevent this, the concave lens mn is interposed; the 
pencil of rays which would, by the convex glass, converge at 
Of, will now be made to diverge, so as not to come to a focus 
till it arrives at a; and the pencil of rays which would, by 
the convex glass, have come to a point at y, will, by the in- 
terposition of the concave lens, be made to diverge so much 
as to throw the focus of the rays to b instead of y. It is thus 
that the image of the object is magnified. 

Fa. Can you tell the reason why the tubes require to be 
drawn out more or less for different persons? 

Ch. The tubes are to be adjusted in order to throw the 
focus of rays exactly on the retina: and as some eyes are 
more convex than others, the length of the focus will vary in 
different persons; and, by sliding the tube proportionally up 
or down, this object is obtained. 

Fa. Infracting telescopes are used chiefly for viewing ter- 
restrial objects: two things, therefore, are requisite in them; 
XhQ first is, that they should exhibit the objects in an upright 
position; that is, in the same position as we see them without 
glasses; and the second is, that they should afford a large 
fald of view. 

Ja. What do you mean by a field of view? 

Fa. I mean aU that part of a landscape which may be seen 
at once, without moving the eye or instrument. Now, in 
looking at the figure again, you will perceive that the concave 
lens throws a number of the rays beyond the pupil, c, of the 
eye, upon the iris on both sides; but those only are visible, or 
help to form an image, which pass through the pupil; and, 
therefore, by a telescope made in this way, the middle part of 
the object only is seen, or, in other words, the prospect is very 
much diminished. 

Ch. How is that remedied? 
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Fa. By substituting a double convex eye-glass, 

-7 A, instead of the concave one. Here the focus 

the double convex lens is at e, and the glass jyA|i\ >j| 

must be so much more convex than that i 

focus may be also at e: for then the rays flowing 

from the object ary, and passing through the 

object glass op^ will form the inverted image 

mEd, Now, by interposing the double convex^ 

y A, the image is thrown on the retina, and is seen j 

under the large angle dcc; that is, the image i/ \J\\ 

mEd will be magnifled to the size c e n. o 

Ja. Is not the image of the object in the tele- \rJ\ 
scope inverted? X • 

Fa, It is: for you see that the image on the Y \ i 
retina stands in the same position as the object; // \ \ I 
but we always discern objects by having the 1/ 
images inverted: and, therefore, whatever is seen 
,by telescopes, constructed as this is, will appear yjg.sfi, 
inverted to the spectator, which is a very un- 
pleasant circumstance with regard to terrestrial objects. On 
that account it is chiefly used for celestial observations. 

Ch, Is there any rule for calculating the magnifying power 
of this telescope? 

Fa, Yes; it magnifies in proportion as the focal distance 
of the object-glass is greater than the focal distance of the 
eye-glass. Thus, if the focal distance of the object-glass is 
ten inches, and that of the eye-glass only a single inch, the 
telescope magnifies the diameter of an object ten times; and 
the whole surface of the object will be magnified a hundred 
times. 

Ch, Will any small bright object appear a hundred times 
larger through this telescope than it would by the naked 
eye? 

Fa. Telescopes, in general, represent terrestrial objects to 
be nearer and not larger. Thus, looking at any object a 
hundred yards distant, it wiU not appear to be larger, but its 
distance will appear to be no more than a single yard. 

Ja. Is there no advantage gained if the focal distance of 
the eye-glass and that of the object-glass be equal? 

Fa, None; and therefore, in telescopes of this kind, we 
have only to increase the focal distance of the object-glass,. 



ai^ to Ibeal distanceof tlioejo«glas8| 

the siagidfjdi^ power to al^ 

C/l Can you canry this principle to any extent? 

Fa^ Not altogether so. An object-glass of ten feet focal 
distance will require an eye-glass whose focal distance is 
r^her more than two inches and a half: and an object-glass 
with a focal distance of a hundred feet must have an eye-glass 
whose focus must be about six indhes from it. Can you tell 
me how much each of these glasses will magnify? 

Ch, Ten feet, divided by two inches and a half, give for a 
quotient forty-eight; and a hundred feet, divided by six 
inches, give two hundi’ed: hence one magnifies 48 times, and 
the other 200 times. 

Fa. Refracting telescopes, for viewing terrestrial objects, in 
order to show them in their natural posture, are usually con- 
structed with one object-glass and three eye-glasses; the 
focal distances of these last being equal. 

Ja. Do you make use of the same method as you did in the < 
last in calculating the magnifying power of a telescope con- 
structed in this way? 

Fa. Yes: the three glasses next the eye having their focal 
distances equal, the magnifying power is found by dividing 
the focal distance of the object-glass by the focal distance of 
one of the eye-glasses, 

Ch. What is the construction of opera-glasses generally 
used at theatres and concerts? 

Fa. The opera-glass is nothing more than a short re- 
fracting telescope. 

The night telescope is not more than two feet long. It 
represents objects inverted, much enlightened, but not greatly 
magnified; and it is used to discover objects not very distant, 
but which cannot otherwise be seen from the want of suf- 
ficient light. 


QUESTIONS FOB EXAMINATION. 

How many kinds of telescopes are — Why is it necessary to draw out the 
there ? — What is the principle of each ? tubes of a telescope to adapt the tele- 
— Of what does the refracting tele- scope to the eyes of different people? — 
scope consist? — For what are tubes For what are refracting telescopes used, 
meant ?— Explain the construction of and what are the necessary requisites in 
that represented in fig. 34. — What is them ? — What is meant by the field of 
the form of the ohieot-glass ? — Try and view ? — Can you, by fig. 35, show how 
explain the several lines in the figure, the field of view is increased ? — How 
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ll «h0 vMf&liySMt of a tdeseope t^eiOopei. Intended fSsr dewing toM* 
caleolated? — Do tdesoopet x^pr^nt trial objects, constructed?— Do yoa 
torestrial olujeets fMorer or larger f — know how an opera-glass is oonstinot- 
How is the magnifying power of a tele- ed? — Whatismeant by a night-tele- 
scope increased? —How are refracting scope ? 


CONVERSATION XX. 

OF aEFDECTING TELESCOPES. 

Father, This is a telescope of a different kind, and is called 
a reflecting telescope. 

LJh. What advantages does the reflecting telescope possess 
over that which you described yesterday? 

Fa, The great inconvenience attending refracting tele- 
scopes is their length; and on that account they are not very 
much used when high powers are required. A reflector of 
six feet long will magnify as much as a refractor of a hundred 
feet. 

Ja, Are these, like the refracting telescopes, made in 
various ways? 

Fa, They were invented by Sir Isaac Newton, but they 
have been greatly improved since his time. The following 
figure will lead to a description of one of those most in use. 



Fig. 36 

You know that there is a great similarity between convex 
lenses and concave mirrors, 

Ch. They both form an inverted focal image of any remote 
object, by the convergence of the pencils of rays. 

Fa, In instruments, the exhibitions of which are the effects 
of reflection, the concave mirror is substituted for the convex 
lens: tt (fig. 36) represents the large tube, and tt the small 
tube of the telescope, at one end of which is n f, a concave 
mirror, with a hole in the middle at p, the principal focus of 
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which is at I k: opposite to the hole p is a small mirror, l, 
concave towards the great one. It is fixed on a strong wire, 
M, and may. by means of a long screw on the outside of the 
tube, be made to move backwards or forwards; a b is a remote 
object, from which rays will flow to the great mirror d p. 

Ja» And I see you have taken from a pencil of rays only 
two from the top, and two rays from the bottom. 

Fa, And in order to trace the progress of the reflections 
and refractions, the upper rays are represented by full lines; 
the lower ones by dotted lines. The rays at c and e, falling 
upon the mirror at d and f, are reflected, and form an inverted 
image at m, 

Ch, Is there anything there to receive the image? 

Fa, No; and therefore they go on towards the reflector l; 
the rays from different parts of the object crossing one 
another a little before they reach l. 

Ja, Does not the hole at p tend to distort the image? 

Fa, Not at all: the only defect is, that there is less light. 
From the mirror l the rays are reflected nearly parallel 
through p; there they have to pass the plano-convex lens b, 
which causes them to converge at a h, and the image is now 
painted in the small tube near the eye. 

Ch, For what purpose is the other plano-convex lens, s? 

Fa, Having, by means of the lens r, and the two concave 
mirrors, brought the image of the object so near as at a 6, we 
only want to magnify the image. 

Ja, This, I see, is done by the lens s? 

Fa, It is, and will appear as large as cd; that is, the 
image is seen under the angle cfd, 

Ch, How do you estimate the magnifying power of the re- 
flecting telescope? 

Fa, The rule is this; ‘‘ Multiply the focal distance of the 
large mirror by the distance of the small mirror from the 
image m : then multiply the focal distance of the small mirror 
by the focal distance of the eye-glass, and divide these two 
products by one another, and the quotient is the magnifying 
power.’^ 

Ja, It is not probable that we should know all these par- 
ticulars in every instrument we may possess. 

Fa, By the following method, however, you may find the 
fame thing by experiment. Observe at what distance you 
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can read any book with the naked eye, and then, removing 
the book to the farthest distance at which you can distinctly 
read by means of the telescope, divide the latter by the 
former.” 

Ch, Did not Dr. Herschel construct a very large reflecting 
telescope? 

Fa. Yes; the tube of his large telescope was nearly 40 feet 
long, and 4 feet 10 inches in diameter. The concave surface 
of the great mirror was 48 inches of polished surface in dia- 
meter, 3^ inches thick, weighed 21 18 lbs., and magnified 
6400 times. This immense instrument occupied four years 
in its construction, and was finished Aug. 28, 1789; on which 
day was discovered the sixth satellite of Saturn. Lately, how- 
ever, a considerably larger one has been constructed by Lord 
Boss. 

Ch. Are not telescopes subject to certain imperfections? 

Fa. Yes: in reflecting telescopes the imperfections arise 
principally from the tarnishing of the metal specula employed 
in them, and the difficulty of giving them the true figure; for 
an error in a reflecting surface affects the direction of the 
rays much more than a like error in a refracting surface. 

In refracting telescopes, certain of the rays of light are 
more refracted than others; in consequence of which the 
object appears indistinct, and encircled by a ring of variously 
intermingled colours; this imperfection, however, after very 
many experiments, was remedied by the celebrated Dollond, 
who constructed object-glasses to a great nicety, and the most 
nearly approaching the achromatic powers of the human eye: 
since his time the subject of light has been so much studied, 
and the science so much improved, that achromatic glasses are 
manufactured extensively both at home and abroad. These 
glasses are said to depend principally on the mixture of proper 
quantities of flint and other materials used in the manufacture 
of glass. 

Ch. What is the meaning of the term achromatic? 

Fa. It is derived from the Greek, the particle a (a), 
meaning “ without,” and chroma (xpo^/xa), meaning colour;” 
that is, want of colour. 

Ch. Why was Dr. Herschefs telescope placed in the open 
air instead of within a building? 

Fa. The reason given by a very enlightened astronomer,^ 
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Mr. Aubert, is, that the undulatipn of the air is greatest when 
the telescope is confined within a room; for the temperature 
of the room being seldom correspondent with that which is 
out of doors, there is almost always a considerable undulation 
produced at the window, where the streams of hot and cold 
air combine. For this reason, undoubtedly, Herschel pre- 
ferred that situation. 

C/i. What is this undulation^ and whence does it proceed? 

Fa. Exhalations arising from the earth have always an un- 
dulating or rolling motion, like the waves of the sea, or like 
that of steam; so that objects seen through them appear to 
tremble or quiver, as is evident to the naked eye when we look 
stedfastly at distant objects in a hot summer day. 

The telescope is thought to have been invented, or rather 
described, by Roger Bacon, about 1250; and it appears that 
none were constructed till one Metius, at Alkmaer, and 
Jansen, of Middleburgh, made some between 1590 and 1609. 
The name is derived from two Greek words, teU (riy\c), 
distant,” and scopeo (fffjojrfoi), I see.” 

QUESTIONS FOR EXAMINATION. 

What are the peculiar advantages of mated? — How is that done by experl- 
a reflecting telescope? — Can you point ment? — What is the size of Dr. 
out the construction of one by referring Herschel’s grand telescope, and how 
to iig. 86? — How is the magnifying many times does it magnify? 
power of the reflecting telescope esti- 


CONVERSATION XXL 

OF THE MICROSCOPE ITS PRINCIPLES OP THE SINGLE 

MICROSCOPE OP THE COMPOUND MICROSCOPE OF THE 

SOLAR MICROSCOPE. 

Father. We will now describe the microscope; which is an 
instrument for viewing very small objects. You know that, 
in general, persons who have good sight cannot distinctly 
view an object at a nearer distance than about six inches. 

Ch. I cannot read a book at a shorter distance than that ; 
but if 1 look through a small hole, made with a pin or needle 
in a sheet of brown paper, 1 can read at a very small dis- 
tance indeed. 

Fa. You mean, that the letters appear, in that case, very 
much magnified : the reason of which is, that you are able to 
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666 at a much shorter distance in this way than you can with- 
out the intervention of the paper. Whatever instrument, or 
contrivance, can render minute objects visible and distinct, is 
properly a microscope. 

Ja, If I look through the hole in the paper, at the distance 
of five or six inches from the print, it is not magnified. 

Fa. No: the object must be brought near, to increase the 
angle by which it is seen. This is the principle of all micro- 
scopes, from the single lens to the 
most compoi^nd instrument. If a b 
represent an arrow seen by the un- 
aided eye, it will appear of a certain 
magnitude ; but if placed as at c n, 
it will appear nearly twice as large, 
being seen under nearly twice the angle, for the angle c n e is 
nearly twice as great as the angle a b e. 

Ch. Then the hole in the card, although it produces the 
same effect as a lens, cannot act in the same manner. 

Fa. No. The light, on passing through it, is not affected 
by any refracting medium, because it simply passes through 
the air. But the hole serves the purpose of a stop or 
diaphragm, excluding all those lateral rays which would 
otherwise enter, and render the image confused. 

Ch, Does the single microscope consist only of a lens? 

Fa. It may consist of one or more lenses; but the object is 
seen through it directly: by means of a lens, a great number 
of rays proceeding from an object are united in the same sen- 
sible point; and as each ray carries with it the image of the 
point whence it proceeded, all the rays united must form an 
image of the object. 

Ja, Is the image brighter in proportion as there are more 
rays united? 

Fa. Certainly: and it is more distinct in proportion as 
their natural order is preserved. In other words; a single 
microscope or lens removes the confusion that accompanies 
objects when seen very near by the naked eye; and it mag- 
nifies the diameter of the object in proportion as the focal 
distance is less than the limit of distinct vision, which we 
may reckon from about six to eight inches. 

Ch. If the focal distance of a reading-glass be four inchei^ 
does it magnify the diameter of each letter only twice? 
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Fa. Tes: bat the lenses used in microscopes are often not 
more than ^ or or even ^ part of an inch in radius. 

Ja. And in a double convex the focal distance is always 
equal to the radius of convexity. 

Fa. Exactly so: now tell me how much lenses of ^ and 

^ of an inch each, will magnify. 

Ja. That is readily done, by dividing 8 inches, the limit of 
distinct vision, by and 

Ch, And to divide a whole number, as 8, by a fraction, as 
J, &c., is to multiply that number by the denominator of the 
fraction: of course, 8 multiplied by 4, gives 32; that is, the 
lens, whose radius is a of an inch, magnifies the diameter of 
the object 32 times. 

Ja. Therefore the lenses, of which the radii are i and 
will magnify as 8 multiplied by 8, and 8 multiplied by 20; 
that is, the former will magnify 64 times, the latter 160 times 
the diameter of an object. 

Fa, You see, then, that the smaller the lens, the greater 
its magnifying power. Dr. Hooke says, in his work on the 
microscope, that he has made lenses so small as to be able, 
not only to distinguish the particles of bodies a million times 
smaller than a visible point, but even to make those visible of 
which a million times a million would hardly be equal to the 
bulk of the smallest grain of sand. 

Ch. I wonder how he made them. 

Fa. I will give you his description. He first took a very 
narrow and thin slip of clear glass, melted it in the fiame of a 
candle or lamp, and drew it out into exceedingly fine threads. 
The end of one of these threads he melted again in the flame, 
till it ran into a very small drop, which, when cool, he fixed 
in a thin plate of metal; so that the middle of it might be di- 
rectly over the centre of an extremely small hole made in the 
plate. Here is a very convenient single microscope. 

Ja. It does not seem, at first sight, so simple as those which 
you have just now described. xjp — . 

Fa. A is a circular piece of brass, 

(it may be made of wood, ivory, &c.) 

in the middle of which is a very m 

small hole; in this is fixed a small 

lens^ the focal distance of which is a d ; (f * 

at that distance is a pair of pliers, d e. Fig. 89 . 
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wUcb may be adjusted by the sliding screw, and opened by 
means of two little studs, ae: with these any small object may 
be taken up and viewed with the eye placed in the other focus 
of the lens at f, to which it will appear magnified, as at i m. 

Ch. I see, by the joint, that it is made to fold up. 

Fa. It is: and may be put into a case, and carried about in 
the pocket, without any incumbrance or inconvenience. Let 
us now look at a double, or compound, microscope. 

Ja. How many glasses are there in this? 

Fa. There are two; and the construction of it maybe seen 
by this figure; cd is called the object-glass, and 
e f the eye-glass. The small object, a b, is placed 
a little further from the glass c d than its princi- 
pal focus; so that the pencils of rays flowing 
from the different points of the object, and passing 
through the glass, may be made to converge and 
unite in as many points between g and h, where 
the image of the object will be formed. This 
image is viewed by the eye-glass e /, which is so 
placed that the image g h may be in the focus, 
and the eye at about an equal distance on the 
other side; the rays of each pencil will be paral- 
lel after going out of the eye-glass, as at e and 
till they come to the eye at k; by the humours of 
which they will be converged and collected into points on the 
retina, and form the large inverted image a b. 

Ch. Pray, Papa, how do you calculate the magnifying 
power of this microscope? 

Fa. There are two proportions, which, when found, are to 
be multiplied into one another. ( 1 ) As the distance of the 
image from the object-glass is greater than its distance from 
the eye-glass; and (2) as the distance from the object is less than 
the limit of distinct vision; thus — If the distance of the image 
from the object-glass be 4 times greater than from the eye- 
glass, the magnii^^ng power of 4 is gained; and if the focal 
distance of the eye-glass be one inch, and the distance of dis- 
tinct vision be considered as 7 inches, the magnifying power 
of 7 is gained, and 7x4 gives 28; that is, the diameter of 
the object wiH be magnified 28 times, and the surface will be 
magnified 784 times. 

Ja. Do you mean that an object through such a microscope 



Fig. 40. 
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will appear 784 times larger than if it were presented to the 
naked eye? 

Fa, Yes, I do: provided the limit of distinct vision be 7 
inches: but some persons, who are short-sighted, can see as 
' distinctly at o or 4 inches as another can at 7 or 8. To the 
former the object will not appear so large as to the latter. 

How much will a microscope of this kind magnify to three 
different persons, whose eyes are so formed as to see distinctly 
at the distance of 6, 7, and 8 inches^ by the naked eye, sup- 
posing the image of the object-glass to be five times as distant 
as from the eye-glass, and the focal distance of the eye-glass 
to be only the tenth part of an inch? 

Ch, As five is gained by the distances between the glasses, 
and 60, 70, and 80, by the eye-glass, the magnifying powers 
will be as 300, 350, and 400. 

Ja, How is it that 60, 70, and even 80 are gained by the 
eye-glass? 

Ck. Because the distances of distinct vision are put at 6, 7, 
and 8 inches; and these are to be divided by the focal distance 
of the eye-glass, or by -yV; but, 1:0 divide a whole number by 
a fraction, we must multiply that number by the denominatoTi 
or lower figure in the fraction: therefore the power gained by 
the distance between the two glasses, or 5, must be multiplied 
by 60, 70, or 80. And the surface of the object will be mag* 
nified in proportion to the square of 300, 350, or 400, that is, 
as 90,000, 122,500, or 160,000. 

Fa, We come now to the solar microscope, which is by far 
the most entertaining, because the image is much larger, and, 
being thrown on a sheet, or other white surface, may be 
viewed by many spectators at the same time, without any 
fatigue to the eye. Here is one fixed in the window shutter. 

I can, however, best explain its construction by a figure. 

Jia, There is a looking-glass outside the window. 

Fa, Yes; It con- 
sists of a looking-glass, 
s o, without, the lens 
ad in the shutter d u, 
and the lens n m with- 
in the dark room. 

These three parts are 

united to a brass tube, Fig. 4i. o 




SOLAR MICROSCOPE. 


465 


and placed within it. The looking-glass can be turned bj 
the ^justing-screw, so as to receive the incident rays of the 
sun, s s 8, and reflect them through the tube into the room* 
The lens a h collects those rays into a focus at n nny where 
there is another magnifier: there, of course, the rays cross, 
and diverge to the white screen on which the image of the 
object Will be painted. 

C4. I see the object is placed a little behind the focus. 

Fa. If it were in the focus, it would be burnt to pieces 
immediately. The magnifying power of this instrument de- 
pends on the distance of the sheet or white screen: about 10 
feet is, perhaps, as good a distance as any. You perceive 
that the ske of the image is to that of the object as the dis- 
tance of the former from the lens wm is to that of the latter. 

t/a. Then the nearer the object to the lens, and the further 
the screen from it, the greater the power of this microscope. 

Fa. Certainly: and if the object be only half an inch from 
the lens, and the screen nine feet, the image will be 46,656 
times larger than the object. Do you understand this? 

Ch, Yes; the object being only half an inch from the lens, 
and the image 9 feet or 108 inches, or 216 half inches, the 
diameter of the image will be 216 times larger than the dia- 
meter of the object; and this number multiplied into itself 
will give 46,656. 

Fa. This instrument is only calculated to exhibit transpa- 
rent objects, or such as the light can pass through. For 
opaque objects, the other kind of microscope is used. 

What is the meaning. Papa, of the word microscope? 

Fa, It is derived from two Greek words, micros (piKpoc)^ 
“ small,” and scopeo ((tcottcw), I see.” And remember that 
the most convex lenses, having the shortest length of parallel 
rays, magnify the most, as they permit the object to approach 
nearer the eye than those of a flatter kind. 

A drop of water is a microscope: for if a small hole be 
made in a plate of metal or any other thin substance, and 
carefully filled with a drop of water, small objects may be 
seen through it very distinctly, and much magnified. 

Ch, How are the compound portable microscopes con- 
structed ? 

Fa. They are usually made to consist of an object lens, by 
which the image is formed, enlarged, and inverted, an am- 

H H 
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plifying lens, hj which the field of view is enisled; and an 
eje-gl^ or lens, by means of which the eye is allowed to 
f^proach very near, and consequently to view the image 
under a very great angle of apparent magnitude. 

Ch. Why is it that the microscopes now sold are so 
expensive ? 

Fa. On account of the laborious accuracy required in their 
construction; and this falls principidly upon the object- 
glasses. In the older microscopes, the object-glass consists 
of a simple lens, the image formed by which is again mag- 
nified by the eye-piece or eye-glass ; whilst in the modern 
instruments, which have attained a surprising degree of 
perfection, the object-glass consists generally of at least six 
pieces cemented together in pairs. 

Ck, Is this really necessary ? 

Fa. It is. I have stated to yon how convex lenses bring 
the rays of light to a focus, and so long as convex lenses 
are used as simple microscopes only, this is found to be true; 
but when the image formed by simple lenses is magnified by 
an eye-glass or eye-piece, as in the compound microscope, 
defects become visible to such an extent, that although great 
magnifying power is obtained, the image is confused, and 
accompanied with colours which do not l^ong to the objects 
viewed 

Ch. What is the cause of this ? 

Fa. These defects arise from two causes : 1st, the impos- 
sibility of grinding the surfaces of the lenses to such a form 
that all the rays may converge to an exact focus ; this im^ 
perfection is called spherical aberration; and 2ndly, the 
fact, that as, in accordance with what I have told you, the 
different colours of which white light consists do not possess 
the same degree of refrangibility, they become separated on 
passing through the lens, and thus give rise to coloured 
images : this is called chromatic aberration or dispersion. 

Ch. And how are they prevented ? 

Fa. By constructing the lenses of which the object-glass 
Is composed of pieces of such kinds of glass cemented 
together as possess different refractive and dispersive powers, 
whereby the error from too great refraction in one piece is 
eompmisated or corrected by ^e less refraction in the next. 
Glams thus corrected are ^ed achromatic. 
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CA. Who discovered the method of making the object- 
glasses of compound microscopes achromatic f 

Fa. This honour is due to Mr. Lister. It is true that the 
subject of achromatism had occupied the attention of many 
of the most profound philosophers of Europe, most of whom 
investigated it theoretically, but the paper of Mr. Lister, 
which was read before the Royal Society in 1829, made 
known the method of overcoming the difficulties which had 
hitherto existed, and laid the foundation of the perfection 
which they have now attained. Another immense advantage 
which achromatic glasses have over simple lenses, is that in 
consequence of the correction of the spherical and chromatic 
aberrations, a much larger pencil of light is allowed to pass 
through them, or, as it is said, they have a larger angular 
aperture. Hence the objects are seen much more brightly 
and distinctly through them. 

Ch. Is any real use made of the microscope ? 

Fa. Most certainly. The advantages derived from it have 
been very great and very numerous. In addition to the vast 
insight it has given us into the nature of the minute struc- 
tures and uses of the various parts of plants and animals ; k 
has been applied to the detection of adulterations, and in fact 
to the detection of the nature of substances in general. For 
when the application of a few chemical tests is combined 
with microscopic examination, the tests being applied under 
the microscope, the nature of the most minute portions of 
any substance may be determined with certainty. 

QUESTIONS FOB EXAMINATION. 

For what is the microscope used microscope ? — Can you explain the 

Why do minute oliJects appear mag* construction by Sg. 40 ?*—How is the 
nifled by viewing them through a small magnifying power of the compound 
hole? — Why is not the object mag- microscope calculated ? — Explain the 
nifled if you look through the hole at structure of the solar microscope. — 
some inches distant fh>m the print ?— Upon what does the magnifyingpower 
Explain this by figs. 87 and 88. — Of of this instrument depend ^ — For 
what does the single microscope consist? what purpose is it calculated? — 
— What advantages are derived from Why are the modem micrcscopes so 
this instrument, and why? — What is expensive? — What is spherical aber* 
the rule for finding the magnifying ration? — What is chromatic aberration 
power of a reading-glass ? — To what or dispersion? — How are these cor- 
extent has Dr. Hooke carried the rected in the object glasses of our jMre- 
powers of these lenses? — Describe the sent microscopes? — What is meant by 
mode of making small lenses. — How achromatism ?— Of what real use is the 
many glasses are there in a compound microscope? 
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CONVERSATION XXIL 

OF THE CAMERA ORSCURA, MAGIC LANTERN 
AND MULTIPLYING GLASS. 

Father, We shall now treat upon some miscellaneous 
subjects; of which the first shall be the Camera Obscura, 

Ch. What is a camera obscura ? 

Fa, The meaning of the term is a darkened chamber, from 
two Latin words, cameray a chamber,” and obecurus, “ dark,” 
The construction of it is very simple, and will be understood 
in a moment by you, since you know the properties of the 
convex lens. 

A convex lens, placed in a hole of a window -shutter, will 
exhibit, on a white sheet of paper placed in the focus of the 
glass, all the objects on the outside, (such as fields, trees, men, 
houses. See.) in an inverted position. 

Ja. Is the room to be quite dark, except the light which 
is admitted through the lens ? 

Fa, It ought to be so; and to produce a very interesting 
picture, the sun should shine upon the objects. 

Ja. Is there no other kind of camera obscura ? 

Fa. A portable one may be made with a square box; in one 
side of which is to be fixed a tube, having a convex lens 
within it: the box contains a plane mirror, inclining backwards 
from the tube, at an angle of 45 degrees. 

Ch. On what does this mirror reflect the image of the 
object ? 

Fa. On a square of ground glass, fixed to the top of the 
box: and if a piece of oiled paper be stretched on the glass, a 
landscape may be easily copied; or the outline may be sketched 
on the rough surface of the glass. 

Ja. Why is the mirror to be placed exactly at an angle of 
45 degrees? 

Fa. The image of the object would naturally be formed 
the back of the box, oi)posite to the lens. In order, therefore, 
to throw it on the top, the mirror must be so placed that the 
angle of incidence shall be equal to the angle of reflection. 
In the box, according to its usual make, the top is at right 
angles to the end; that is, at an angle of 90 degrees: therefore 
the iniiTor is put at half 90, or 45 degrees. 

Ck, Then the incident rays, falling upon a surface which 
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inclines at an angle of 45 degrees, will be reflected at an equal 
angle of 45 d^rees^ which is the angle that the glass top of 
the box bears with respect to the mirror. 

Ja. If I understand you clearly, the rays would have been 
reflected back on the lens, and none would have proceeded to 
the top of the box, if the mirror had been placed at the end of it. 

Fa, Just so: in the same manner as when one person stands 
before a looking-glass, another at the side of the room cannot 
see his image in the glass, because the rays flowing from him 
to the looking-glass are thrown back again to himself: but if 
each person stands on the opposite side of the room, while the 
glass is in the middle at the end of it, they will both stand at 
an angle of 45 degrees with regard to the glass; and the rays 
from each will be reflected to the other. 

Ch. Is the tube flxed in this machine? 

Fa. No: it is made to draw out, or push in, so as to adjust 
the distance of the convex glass from the mirror in proportion 
to the distance of the outward objects, till they are distinctly 
painted on the horizontal glass. 

The best camera obscuras are formed by placing a revolving 
mirror in an inclined position at the top of a building, so that 
the rays may be thrown down on a convex lens in the roof, 
and which should portray them distinctly on a table. The 
invention of this instrument is assigned to Bax>tiste Porta, in 
1500; although some attribute it to Roger Bacon. By an 
ingenious process lately discovered by Daguerre, the images 
derived from the camera obscura have been most clearly and 
accurately fixed on metal plates; but without colour, further 
than degrees of shade. The process, from the inventor, has 
been imne6.Daguerreotyp€y and latterly drawing^ or 

Photography^ from the GreekpAos (^^), ^‘light,” and gignomai 
(yiyvopai), make, or generate;” or grapho (ypa^), “I write, 
or describe.” The method pursued seems to be that oH pro* 
paring first a piece of copper well plated with silver, polished 
and cleansed by diluted nitric acid; after which it is exposed 
to the vapour of iodine, which gives it a yellow colour, and 
upon this surface the rays of light of the object are impinged 
by the camera obscura. At this stage, though the surface the 
plate appears completely dull and void of all images or Tiew% 
the plate is subjected to the action of the vapour of merci^ 
at an inclined position dT 45^ It is next washed in a mAatkm 

hk2 
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of hjposttlphate of soda, and then with boiling water. When 
dry, a perfect representation of the object is obtained. 

C4. Are not landscapes sometimes taken upon paper by 
the same process ? 

Fa. Not exactly. The agent which delineates the picture 
is light in both cases, but a somewhat modified proceeding is 
adopted in regard to the production of the sensitive coating 
upon which the image is impressed. 

CA. Will you describe this to me ? 

Fa. I will. A sheet of paper is either soaked in, or one 
aide painted over, with a solution of nitrate of silver or 
common lunar caustic ; it is then treated in the same manner 
with a solution of common salt. The paper thus prepared, 
is now dried in the dark, and then placed in the camera. 
After remaining there for a short time, it is soaked in a 
solution of the hyposulphite of soda, which dissolves all 
those portions of the salt of silver which have not been acted 
upon by the light. A very pretty and exact drawing is then 
obtained of the objects towards which the camera was directed. 

Ja. Will you now explain the structure of the magic 
lantern, which has long afforded us so much amusement? 

Fa. This little machine consists, as you know, of a sort of tin 
box; within it is a lamp or candle, the light of which passes 
through a large plano-convex lens placed in a tube fixed in 
front. This strongly illuminates :.bjects painted on slips of 
glass, and which are placed before the lens in an inverted 
position. A sheet, or other white surface, is arranged so as 
to receive the images. 

Ch. Do you invert the glasses on which the figures are 
drawn, in order that the images of them may be erect? 

Fa. Yes: and the illumination may be greatly increased, 
and the effect much more powerful, by placing a concave 
mirror at the back of the lamp. 

Ch. Did you not tell us that the Phantasinagoriay which 
we once saw at the Lyceum, was a species of magic lantern? 

Fa. Yes: but there is some difference between them. In 
common magic lanterns, the figures are painted on transparent 
glass; consequently, the image on the screen is a circle of light, 
having one or more figures on it; but in the Phantasmagoria, 
1 ^ the .glass is made opaque, except the figure, so that no 
light can come upon the screen but what’ passes through the 
%iire8, which are painted in transparent colours. 
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Ja, There was no sheet to receive the picture. 

Fa. No: the representation was thrown on a thin screen 
of silk, placed between the spectators and the lantern. 

Ch. What caused the images to appear approaching and 
receding? 

Fa. That was effected by removing the lantern further 
from the screen, or bringing it nearer to it: for the size of 
the image must increase if the lantern be carried back, because 
the rays come in the shape of a cone; and as no part of the 
screen is visible, the figure appears to be formed in the air, 
and to move further off when it becomes smaller, and to come 
nearer as it increases. 


The term Phantasmagoria is derived from two Greek words, 
pha7Uasma (<payra<rfia), “an appearance,” and agoraomai 
(ayo/oaopai), “ I collect.” 

Ja. Here is another instrument, the construction of which 
you promised to explain — ^namely, the, multiplying glass. 

Fa. One side of this glass is cut into many distinct surfaces; 
and in looking at any object through it, such as your brother, 
you will see, not one object only, but as many as are the plane 
surfaces on the glass. 

I will draw a figure to illustrate this. sbGs. 

Let A i B represent a glass, fiat at the side 

next the eye h, and cut into three distinct h 

surfaces on the opposite side, as Kh^h dy 

d B. The object c will not appear magnified, 

but as rays will flow from it to all parts of ^2 

the glass, and each plane surface will refract 

these rays to the eye, the same object will appear to the eye 

in the direction of the rays, which enter it through each 

surface. Thus a ray, c 1 , falling perpendicularly on the 

middle surface, will suffer no refraction, but show the object 

in its true place at c: the ray from c h falling obliquely on 

the plane surface a 6, will be refracted in the direction h e, 

and, on leaving the glass at it will pass to the eye in the 

direction e h; and therefore it appears at e: the ray c d 

will, for the same reason, be refracted to the eye in the direction 

B H, and the object c will appear also in n. 

If, instead of three sides, the glass had been cut into 6 Q^^ 
20, there would have appeared 6 or 20 different objects^ 
differently situated. 
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QUESTIONS FOB EXAMINATION. 

Can ytm deseribe the structure and images to be erect? — In what does 
uses of a camera obsonra?— What the magic lantern differ firom the phan* 
things are neoessary to obtain an in- tasmagoxia? — In the latter the images 
teresting picture? — How is the port- appear sometimes to be receding and at 
able camera obscure constructed ? — Of others approaching ; what is the cause 
what does the magic lantern consist? of this? — Illustrate the nature of the 
— How are the figures placed for the multiplying-glass by fig. 42. 


SOME OP THE LEADING DEFINITIONS IN OPTICS, WHICH IT IS 
RECOMMENDED THAT THE PUPIL SHOULD COMMIT TO 
MEMORY. 

OPTICS. 

1. Light is supposed to consist of inconceivably small particles* radiating from 
a luminous body. 

2. Light proceeds in straight lines from the luminous body. It travels at 
the rate of about 200*000 miles in a second of time. 

3. The intensity of light decreases as the square of the distance from the 
luminous body increases. 

4. When light strikes obliquely upon a surface* it is so reflected* that the 
angle of reflection is equal to the angle of incidence. 

6, The properties of mirrors depend on reflected light. 

6. Whatever suffers the rays of light to pass through it is called a medium. 

7. All transparent fluids are called media ; and the more transparent the body* 
the more perfect is the medium. 

8. When rays of light are bent out of their course on entering a denser or 
rarer medium* they are said to be refracted. 

9. When light passes out of a rarer into a denser medium* it is drawn towards 
the perpendicular. 

10. When light passes from a rarer to a denser medium* it moves in a direction 
farther from the perpendicular. 

11. We see eveiytliing in the direction of that line in which the rays approach 
us last. 

12. Refraction takes place in all kinds of glass ; but in glass that is thin it is 
generally overlooked. 

18. The image of an olfiect seen in water always appears higher than the 
old^ct really is. 

14. We cannot Judge of distances or of magnitudes so well in water as in 
air. 

15. By means of reflraction the son is seen every clear morning several mi- 
nutes before he comes to the horizon* and as long* after be sinks beneatli it in 
the evening. 

16. The sun is never seen in that place in the heavens that he appears to be. 

17. A pencil of rays is any number that proceed from a point. 

18. Parallel rays are such as move always at the same flietance from each 
other. 

19. A lens is a glass ground into a certain form to collect or disperse the rays 
ofli^t 

20. The force of the beat collected in the focus is in proportion to the common 
beat of the sun as the area of the glass is to the area of the fociu. 

*21, As an object approaches a convex lens* its image departs from it. 
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32. Convex lenses collect the rays of light, or make them converge to a ibcna 

28. Concave lenses di 4 >erse the rays of light. 

24. The focns of a double convex lens is at the distance of the radius of con- 
vexity : and so is the imaginary focus of the double concave lens. 

25. The focus of the plane convex is at the distance of the diameter of the 
Oonvexity. 

26. The images of otjects placed beyond the focus of a convex lens are in- 
verted, and real. 

27. Light is composed of seven colours. 

28. Therainbowisowingtotheseparationof the rays of light Into its primitive 
colours, by the drops of Idling rain. 

29. All colours are supposed to exist only in the light of luminous bodies. 

80. We Judge of the colour of ol^ects ftom the reflected rays. 

31. The whiteness of paper is occasioned by its reflecting the greatest part of 
all the rays that fall upon it. 

32. Many transparent media reflect one colour and transmit another. 

33. In aU mirrors the angle of reflection is equal to the angle of incidence. 

34. In a concave mirror the image is less than the oh)vct, when the ottject is 
more remote from the mirror than the centre of concavity, and the image is be- 
tween the object and mirror. 

86. If the object is in the centre, then the image and object will coincide ; — 
if nearer the glass than the centre, the image w^ be more remote, and larger 
than the object. 

86. The image formed by a concave mirror is always before it, except when 
the oliject is nearer the mirror than the principal focus. 

37. The human eye is an optical instrument, consisting of three coats and 
three humours. 

38. The. humours of the eye refract the rays of light like glass lenses. 

39. The retina receives the images of objects pr(duced by refraction. 

40. The optic nerve conveys to the brain the sensations produced on the 
retina. 

41. Spectacles are intended to alter the direction of the rays of light and bring 
them to a proper degree of convergency. 

42. (Convex glasses are used when the eyes are too flat, and ccmcave glasses 
are used when they are too round. 

43. There are generally two rainbows seen at the same ime. The bright one 
is produced by one reflection and two refrractions : the frdnt one is occasioned hf 
two reflections and two refiractions. 

44. There are two kinds of telescopes, the refracting and the reflecting : thq 
former depends on lenses for its operation, the latter chiefly upon mirrors. 

45. Befiracting telescopes are used principally for viewing terrestrial otjects: 
but the reflecting telescope is used for astronomical purposes. 

46. Telescopes in general represent objects to be nearer, not larger. 

47. Achromatic telescopes are such as have the glasses ao contrived as to cor- 
rect the unequal refraction of the rays of light. 

48. Microscopes are instruments for viewing very small objects, l^ey appa- 
rently magniiy objects, because they enable us to see them nearer without de- 
stroying the distinctness of visioa. 

49. The single microscope consists of only one lens. 

60. The camera obscura is contrived to exhibit, in a room, a picture of a 
landscape or other objects without. 

51. The magic lantern is a small machine intended for the amusement of young 
persons, by magnifying paintings on glass and throwing their images on a white 
aoreen in a darkened room. 

62. The phantasmagoria is a kind of magic lantern, which causes the imagea 
to be thrown upon a thin screen of silkplac^ between the lantern and spectator* 
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FIRST CONVERSATION. 


f>V THE MAGNET AND ITS PROPERTIES. 


FATHER CHARLES JAMES. 

Father. You see this dark mineral body: it is one of the 
oxides of iron; and you know it has the property of attracting 
needles and other small iron substances. 

Ja, Yes; it is called a loadstone^ leading* stone, or magnet. 
We have often been amused with it; but you told us that it 
possessed a much more important property than that of 
attracting iron and steel. 

Fa. This is what is called the directive property^ by which 
mariners are enabled to conduct their vessels through the 
mighty ocean when out of sight of land. By the aid of this 
miners also are guided in their subterranean inquiries, and 
the traveller through deserts otherwise impassable. 

C7i. Were not mariners unable to make long and very 
distant voyages, before this property of the magnet was dis- 
covered? 

Fa. Yes: then they contented themselves with mere coasting 
voyages; seldom trusting themselves from the sight of land. 

Ja. How long is it since this great discovery was first 
made? 

Fa. Upwards of five hundred years: but it is not possibhi 
to ascertain, with any degree of precision, to whom we are 
indebted for it; yet Roger Bacon appears to have discovered 
its property of pointing to the north. 

Ch. You have not told us in what the discovery consists. 

Fa. When a magnet, or a needle rubbed with a magnet, ia 
freely suspended, it will always, and in all places, stand nearly 
North and South. 
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Ch, Is it known which end points to the North, and which 
to the &)uth? 

Fa, Yes: or it would be of little use: each magnet and 
each needle, or other piece of iron, that is made an artificial 
magnet by being properly rubbed with the natural magnet, 
has a North end and a South end, called the North and South 
poles; to the former a mark is placed, for the purpose of 
distinguishing it. 

Ja. Then if a ship were to make a voyage to the North, 
it must follow the direction which the magnet takes. 

Fa. Yes: and if it were bound a westerly course, the needie 
always pointing North, the ship must keep in a direction at 
right angles to the needle. In other words, the direction of 
the needle must be across the ship. 

Ch. Could not the same object be obtained by means of 
the Pole Star? 

Fa. It might, in a considerable degree, provided you could 
always insure a fine clear sky. But what could be done in 
cloudy weather, which in some latitudes lasts for many days 
together? 

Ch. I did not think of that. 

Fa. Without the use of the magnet, no persons could have 
ventured upon such voyages as those to the West Indies and 
other distant parts; the knowledge, therefore, of this instru- 
ment cannot be too highly prized. 

Ja. Is that a magnet which is fixed to the bottom of the 
globe, and by means of w^hich we set the globe in a proper 
direction with regard to the cardinal points. North, South, 
East, and West? 

Fa. This is called a Compass, the needle of wliich, being 
rubbed by the natural or re^ magnet, becomes possessed of 
the same properties as those which belong to the magnet 
itself. 

Ch. Can any iron and steel be made magnetic? 

Fa. They can: bars of iron thus prepared are called arti^ 
Jicial magnets. 

Ja. Will these soon lose the properties thus obtained? 

Fa. Artificial magnets will retain their properties almost 
any length of time; and, since they may be rendered more 
powerful than natural ones, and can be made of any form» 
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they are geaemUy used; so tliat the natural magnet is kept 
as a curiosity. 

Ch. What are the leading properties of the magnet? 

Fa* (1.) A magnet attracts iron. (2.) When placed so as 
to be at liberty to move in any direction, its north end points 
to the north pole, and its south end to the south pole: that is 
called the polarity of the magnet. (3.) When the north pole 
of one magnet is presented to the south pole of another, they 
will attract one another. But if the two southy or the two 
north poles are presented to each other, they will repel. (4.) 
When a magnet is so situated as to be at liberty to move any 
way, its two poles do not lie in an horizontal direction: it 
inclines one of its poles towards the horizon, and, of course, 
raises the other pole above it: this is called the inclination or 
dip of the magnet. (5.) Any magnet may be made to impart 
its properties to iron and steel. 

QUESTIONS FOE EXAMINATION 

What is the principal property of the riner be directed by the magnet, if he 
magnet ? — How were voyages made wished to sail fh>m any port in a direc* 
before the magnet and its properties tion due west? — Would not the pole 
were known ? — When was it disco- star be sufficient for the guidance of 
vered ? — In what does the directive ships ? — What is a compass ? — What 
power consist How are the north do you mean by artificial magnets ? — 
and south poles of a magnet distin- Tell me what are the leading proper- 
guished ? — In what way would a ma- ties of the magnet. 


CONVERSATION IL 

MAGNETIC ATTEACTION AND EEPULSION. 

Father. Having mentioned the several properties of the 
magnet or loadstone, 1 intend, at this time, to enter more 
particularly into the nature of magnetic attraction and re- 
pulsion. — Here is a thin iron bar, eight or nine inches long, 
rendered magnetic, and on that account it is now called an 
artificial magnet. 1 bring a small piece of iron within a little 
distance of one of the poles of the magnet, and you see it is 
attracted or drawn to it. 

Ch. Will not the same effect be produced if the iron be 
presented to any other part of the magnet? 

Fa. The attraction is strongest at the poles, and it di- 
minishes in proportion to the distance; so that in the middle, 
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l>etw6en the poles, there is no attraction, as yon shall see by 
means of this large needle* 

Jcu When you held the needle near the pole of the magnet, 
the magnet moved to the needle; which looks as if the needle 
attracted the magnet. 

Fa, So it does. The attraction is mutual, as is evident 
from the following experiment. I place the small magnet on 
a piece of cork, and the needle on another piece. Now let 
them float on water, at a little distance from each other, and 
you will observe that the magnet moves towards the iron as 
much as the iron moves towards the magnet. 

Ch, If two magnets were put in this situation, what would 
be the effect produced? 

Fa, If poles of the same name (that is, the two north, or 
the two south) be brought near together, they will repel 
one another; but if a north and a south be presented, the 
same kind of attraction as there was between the magnet and 
needle will be visible. 


Ja, Will there be any attraction or repulsion if other 
bodies, such as paper, or thin slips of wood, be placed between 
the magnets, or between the magnet and iron? 

Fa, Neither the magnetic attraction nor repulsion is in 
the least diminished, or in any way affected by the interpo- 
sition of any kind of bodies, except iron. Bring the magnets 
together within the attracting or repelling distance, and 
hold a slip of wood between them, they both come to the 
wood, as you see. 

Ch, You said that iron was more easily rendered magnetic 
than steel. Does it retain the properties as long too? 

Fa, If a piece of soft iron and a piece of hard steel be 
brought within the influence of a magnet, the iron will be 


most forcibly attracted; but it will almost instantly 
lose its acquired magnetism, whereas the hard steel 
will preserve it a long time. 

Ja, Are magnetic attraction, and repulsion at all 
like what we have sometimes seen in electricity? 

Fa, In some instances there is a great similarity. 
For example (1.) I tie two pieces of soft wire, each 
to a separate thread, which join at the top, and let 
them hang freely from a hook, x. If I bring the 



north end of a magnetic bar just under them, you Fig. i. 
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will see the wires repel one another, as shown in the figure 
hanging from z, 

Ch> Is that occasioned by the repelling power which both 
wires have acquired in consequence of being both rendered 
magnetic with the same pole? 

Fa. It is: and the same thing would have occurred if the 
south pole had been presented instead of the north. 

Ja. Will they remain long in that position? 

Fa. If the wires are of very soft iron, they will quickly 
lose their magnetic power; but if steel wires be used, such as 
common sewing needles, they will continue to repel each other 
after the removal of the magnet. 

Again: I lay a sheet of paper 
fiat upon a table, and strew some 
iron filings upon it. I now lay 
this small magnet amongst them, 
and give the table a few gentle 
knocks, so as to shake the filings; 
observe now in what manner they have arranged themselves 
about the magnet. 

Ch. At the two ends, or poles, the particles of iron arrange 
themselves into lines, a little sideways they bend, and then 
form complete arches, reaching from some point in the northern 
half of the magnet to some other point in the southern half. 
How do you account for this? 

Fa. Each of the particles of iron, by being brought within 
the sphere of the magnetic influence, becomes itself magnetic, 
and possessed of two poles and consequently disposes itself 
in the same manner as any other magnet would do, and also 
attracts with its extremities the contrary poles of other 
particles. 

Again: If I shake some iron filings through a gauze sieve, 
upon a paper that covers a bar magnet, the filings will become 
magnets, and will be arranged in beautiful curves. 

Ja. Does the polarity of the magnet reside only in its two 
ends? 

Fa. No: one half of the magnet is possessed of one kind of 
polarity, and the other of the other kind; but the ends, or 
poles, are those points in which that power is the strongest; 
remember that — ‘‘a line drawn from one pole to the other 
is c&Hed the axis of the magnet.” 
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QUESTIONS FOR EXAMINATION. 


In what parts of the magnet is the 
attraction the strongest? — Does the 
needle attract the magnet, as well as 
the magnet attract the needle ?~ What 
experiment will proTe this ? — Do 
poles of the same name attract each 
other ?~> Is the magnetic attraction 


destroyed or diminished by the inter* 
position of other bodies? — Does iron 
or steel retain the magnetic power the 
longest ? — Explain the nature of mag- 
netic attraction by fig. 1. — To what 
does fig. 2 refer? — What is the axis 
of the magnet? 


CONVERSATION III. 

THE METHOD OF MAKING MAGNETS — THE MARINER’S COMPASS. 

Father. I have already told you that artificial magnets, 
which are made of steel, are now generally used in preference 
to the real magnet, because they can be procured with greater 
ease, may be varied in their form more easily, and will com- 
municate the magnetic virtue more powerfully. 

How are they made? 

Fa. The best method of making artificial magnets is, 
to apply one or more powerful magnets to pieces of hard 
steel, taking care to apply the north pole of the magnet or 
magnets to that extremity of the steel which is required to 
be made the south pole, and to apply the south pole of the 
magnet to the opposite extremity of the piece of steel. 

Ja. Does a magnet, by communicating its properties to 
other bodies, diminish its own power? 

Fa. No: it is even increased by it. — bar of iron, three 
or four feet long, kept some time in a vertical position, will 
become magnetic; the lower extremity of it attracting the 
south-pole, and repelling the north-pole. But if the bar be 
inverted, the polarity will be reversed. 

Ch. Will steel produce the same effects? 

Fa. It will not. The iron must be soft, and hence bars of 
iron, that have been long in a perpendicular position, are gene- 
rally found to be magnetic, as fire-irons, bars of windows, &c. 
If a long piece of hard iron be made red-hot, and then left to 
cool in the direction of the magnetic line, it usually becomes 
magnetic. 

Striking an iron-bar with a liammer, or rubbing it with a ' 
file, while held in this direction, renders it magnetic. An 
electric shock, and lightning, frequently render iron magnetic. 
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Ja, An artifiGial magnet, you say, is often more powerful 
than the real one. Can a magnet, therefore, communicate to 
steel a stronger power than it possesses? 

Fa. Certainly not: but two or more magnets, joined toge- 
ther, may communicate a greater power to a piece of steel 
than either of them possesses singly. 

Ch. Then you gain power according to the number of 
magnets made use of? 

Fa. Yes: very powerful magnets may be formed by first 
constructing several weak magnets, and then joining them 
together to form a compound one, and to act more powerfully 
upon a piece of steel. 

The following methods are among the best for forming arti- 
ficial magnets: — 

1. Place two magnetic bars, 

A and B, in a line, so that the 
north or marked end of one 
shall be opposite to the south 
end of the other, but at such 
a distance that the magnet c, 
to be touched, may rest with 
its marked end on the unmarked end of b, and its unmarked 
end on the marked end of a. Now apply the north end of the 
magnet l, and the south end of n, to the middle of c, the 
opposite ends being elevated as in the figure. Draw l and d 
asunder along the bar c; one towards a, the other towards b; 
preserving the same elevation: remove l d a foot or more 
firom the bar when they are off the ends, then bring the north 
and south poles of these magnets together, and apply them 
again to the middle of the bar c as before: the same process 
is to be repeated five or six times; then turn the bar, and 
touch the other three sides in the same way, and, with care, 
the bar will acquire a strong fixed magnetism. 

2. Upon a similar principle, two 

bars, A B, c D, may be rende^ mag- 
netic. These are supported by two 
bars of irtm; and they are so placed 
that the marked end, b, may be oppo- 
site to the unmark^ end, n: then 
ffiace the two attracting poles, o i, on ® t. a 

•the taiddle of a b, as in the figure^ moving them slowly 




Fig. 3. 
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orer it several times. The same operation is to be performed 
on c x>, having first changed the poles of the hsrs, and then on 
the other faces of the bars; and the effect is acoomplished. 

The touch thus communicated may 
be further increased by rubbing the 
different faces of the bars with sets 
of magnetic bars, disposed as in fig. 5. 

Jo, I suppose all the bars should 
be very smooth? 

JFa. Yes; they should be well po- 
lished, the sides and ends made quite 
flat, and the angles exactly square. 

There are many magnets made in the shape of horse-shoes: 
these are called horse-shoe magnets, and they retain their 
power very long by applying a piece of iron to the ends when 
not employed. 

C/l Does that prevent the power from escaping? 

jFa. It seems so: the power of a magnet is even increased 
by allowing a piece of iron to remain attached to one or both 
of its poles. Of course, a single magnet should always be 
thus left. 

Ja, How is magnetism communicated to compass- needles? 

Fa. Fasten the needle down on a board, and draw mag- 
nets, about six inches long, in each hand, from the centre of 
the needle outwards: then raise the bars to a considerable 
distance from the needle, bring them perpendicularly down 
on its centre, and draw them over again, repeating this opera- 
tion about twenty times, and the ends of the needle will point 
to the poles contrary to those that touched them. 

CA. I remember seeing a compass when 1 was on board a 
frigate lying off Worthing; the needle of which was in a box, 
with a glass over it. 

Fa. That was a mariner’s compass, which consists of the 
box, the card or fly, and the needle. The box is circular, 
and is so suspended as to retain its horizontal position in all 
the motions of the ship. The glass is intended to prevent 
any motion of the card by the wind: the card or fly moves 
with the needle, which is very nicely balanced on a centre. 
It may, however, be noticed, that a needle which is accurately 
balanced before it is magnetized will lose its balance by being 
magnetized, on account of what is called the ; therefim a 
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small weight, or moveable piece of brass, is placed on one 
side of the needle; by the regulating of which the needle will 
always be balanced. 

QUESTIONS FOE EXAMINATION. 

Why are artificial ma^ets generallf * erfnl than a real one? — Can you* by 
used in preference to the real magnet? j means of the figures 8, 4, and 5, 
•— Can you describe the . method of ' describe the methods made use of in 
making magnets? — By communicating I forming magnets ? — What advantage 
its properties to other bodies, is the I is there attaching to the horse-shoe 
power of the magnet diminished? — I magnet^ — In what manner is mag- 
Do iron bars in any position ever be- j netism communicated to compass 
come magnetic ? — What is the reason I needles ? — Of what does the mariner’s 
that an artificial magnet is more pow- I compass consist ' 


CONVERSATION IV. 

OF THE VARIATION OP THE COMPASS. 

Charles. You said, I think, that the magnet pointed nearly 
North and South. How much does it differ from that 
direction? 

Fa. It rarely points exactly North and South; and the 
aviation from that line is called the variation of ike compass; 
which io said to be East or West. 

Ja. Does this vary at different times? 

Fa. It does: and the variation is very different in different 
parts of the world. The variation is not the same now as it 
was half a century ago; nor is it the same now at London as 
it is at Bengal or Kamtschatka. The needle is continually 
but slowly verging towards the East and West. 

This subject was first examined by Mr. Biirrowes, about 
the year 1580, and he found the vaiiatioa then, at London, 
about 11° 11' East. In the year 1657 the needle pointed 
due North and South; since which the variation has been 
gradually increasing towards the West; and in the year 1803 
it was equal to something more than 24° West, and then ad- 
vancing towards the same quarter. 

Ch. That is at the rate of something more than ten minutes 
each year. 

Fa. It is; but the annual variation is not regular: it is 
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more one year than another. It is diflerent in the several 
months, and even in the hours of the day. 

Ja, Therefore, if I want to set a globe due North and 
South, to observe the stars, I must move it till the needle in 
tiie compass points to 24® West. 

Fa, Just so: and mariners knowing this, are as well able 
to sail by the compass as if it pointed due North. 

Ch. You mentioned the property which the needle had of 
dipping^ after the magnetic fluid was communicated to it. Is 
that always the same? 

Fa, It probably is, at the same place. It was discovered 
by Robert Norman, a compass* maker, in the year 1576; and 
• he then found it to dip nearly 72®; and, from many obser- 
vations made at the Royal Society, it is found to be the same. 

Ja, Does it differ in different places ? 

Fa, Yes: in the year 1773 observations were mad© on the 
subject, in a voyage toward the north pole, and from these it 
appears that 

In latitude 60° 18' the dip was 75° 0' 

„ M 70 45 „ „ 77 53 

„ 80 12 „ 81 52 

M ** 80 27 „ M 82 2^ 

I will show you an experiment on this subject. Here is a 
magnetic bar and a small dipping needle: if I carry the needle 
suspended freely on a pivot, from one end of the magnetic bar 
to the other, it will, when directly over the south pole, settle 
directly perpendicularly to it, the north end being next to the 
south pole: as the needle is moved, the dip grows less and less, 
and when it comes to the magnetic centre, it will be parallel 
to the bar; afterwards the south end of the needle will dip, 
and when it comes directly over the north pole, it will be 
again perpendicular to the bar. 

Ch, In what part of the world is the loadstone found, Papa? 

Fa, Nearly in all parts; but particularly in Sweden and 
Norway; in China, Arabia, in the Isle of Elba, and in the Phi- 
lippine Isles. 

Ja, Does it act more powerfully in its natural or in its 
artificial state? 

Fa, Its magnetism may be concentrated, as it were, and 
made to act more powerfully by means of artiflcial magnets^ 

X X 
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which, as we have before observed, are produced by impreg- 
nating steel bars with the magnetic power, so that the natum 
magnets are now of little value, except as articles of curiosity. 

The following facts are deserving of recollection: — 

1. Every magnet has two opposite points, called poles. 

2. A magnet, freely suspended, arranges itself so that these 
poles point nearly North and South. This is called the di* 
recHve property y or polarity of the magnet. 

3. When two magnets approach each other, the poles of 
the same names (that is, both North or both South) repel each 
other. 

4. Poles of different names attract each other. 

5. The loadstone is an iron ore naturally possessing mag- 
netism. 

6. Magnetism may be communicated to iron and steel. 

7. A steel needle rendered magnetic, and fitted up in a box, 
00 as to move freely in any direction, constitutes the mariner’s 
compass. 

Ch. I think there is a similarity between electricity and 
magnetism. 

Fa. There is a considerable analogy, and a remarkable 
difference also between magnetism and electricity. 

Electricity is of two sorts, positive and negative; bodies 
possessed of the same kind of electricity repel each other, and 
those possessed of different kinds attract each other. — In 
Magnetism, every magnet has two poles: poles of the same 
nanae repel each other, and the contrary poles attract each 
other. 

In Electricity, when a body, in its natural state, is brought 
near to one that is electrified, it acquires a contrary electricity, 
and becomes attracted by it. — In Magnetism, when an 
iron substance is brought near one pole of a magnet, it acquires 
a contrary polarity, and becomes attracted by it. 

One sort of electricity cannot be produced by itself. — In 
like manner, no body can have only one magnetic pole. 

The electric fluid may be retained by electrics; but it per- 
vades conducting substances. — The magnetic fluid is retained 
by iron; but it pervades all other bodies. 

Magnets attract only iron; but the electric fluid attracts 
bodiee of eveiy sort. 
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The electric virtue resides on the surface of electrified 
bodies; but the magnetic is internal. 

A magnet loses nothing of its power by magnetizing bodies; 
but an electrified body loses part of its electricity by electri- 
fying other bodies. 

QUESTIONS FOR EXAMINATION. 

What is meizit bj the variation of | — Does this vary in diffne at places? — 
the compass ? — Is this different at What experiment shows this property ? 
different times and places ? — How is a Do you recollect in what particulars 
globe, having a compass attached to it, electricity and magnetism agree ? — In 
to be set due north and south ? — What what particulars do the magnetic and 
is meant by the dipping of the needle? 1 electric powers differ? 


SOME or THE LEADING DEFINITIONS OP MAGNETISM, WHICH IT IS 
RECOMMENDED THAT THE PUPIL SHOULD COMMIT TO MEMORY. 

1. The magnet is a mineral body of a dark brown colour, and has thepvoperigr 
of attracting needles and other small iron substances. 

2. The cause of magnetism is unknown. 

3. The directive property of the magnet is that by which mariners are able to 
conduct their vessels through the seas. 

' 4. The magnet, or a needle rubbed with a magnet and freely suspended, 
always points m arly north and south. 

5 . Every magnet has two poles. 

6. Iron and steel can be rendered magnetic; and bars thus prepared are 
called artifleial magnets. 

7. When two magnets are brought near each other, their poles of the same 
name repel each other ; but poles of different names attract each other. 

8. The attraction is strongest at, the poles, and it diminishes in proportion to 
the distance of any part from the poles. 

9. The attraction between the magnet and iron is mutual. 

10. Magnetic attraction is not diminished, or in any way affected by the inter- 
position of any kind of bodies, except iron. 

11. The earth itself is supposed to be a great magnet, having its poles near to, 
but not coinciding with, the ends of the imaginary axis on which it turns. 

12. The magnet, by communicating its properties to other bodies, has not its 
own power diminished. 

18. The magnet rarely points due north and south, and its deviation from that 
line is called the variation of the compass. 

14. The variation of tlie compass is different in different parts of the world, at 
different periods of time, and even at different hours of the day. 

16. The dip of the needle was discovered by Robert Norman : in this country 
it is reckoned about 72^. 

16. Pure iron most easily receives and loses magnetism. 

17. Steel, or iron combined with carbon, retains the magnetic properties when 
communicated to 4t. 
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FIRST CONVERSATION 

INTRODUCTION — THE EARLY HISTORY OF ELECTRICITY. 


FATHER CHARLES JAMES. 

Father, If I rub briskly this stick of sealing-wax on my 
coat-sleeve, or on a piece of dry flannel, and then hold it 
within an inch of any small light substance, such as feathers, 
or little pieces of paper, the wax will attract them, and they 
will sprintr up and adhere to it. 

Ch, I think T have heard you say that this is the effect of 
electricity, but I know not what electricity is. 

Fa, Nor can I tell you its precise nature; it is, however, 
considered a fluid ; and as it is known only by its effects, like 
many other agents in natural sciences, I have not hitherto at- 
tempted to bewilder your minds with useless theories, neither 
shall I, in the present case, attempt to say what the electric 
fluid is: its action is well known: it seems diffused over every 
portion of matter with which we are acquainted, and, by the 
use of proper means, it is as easily collected from surrounding 
bodies, as water is taken from a river. 

3a, I see no fluid attached to the sealing-wax when you 
have rubbed it. 

Fa, Nor do you see the air which you breathe, and with 
which you are surrounded; yet it has been proved to you that 
it is a fluid, and may be taken from any vessel, as certainly, 
though not with so much ease, as water may be poured from 
H glass. With the exercise of a little patience, you shall see 
such experiments as will not fail to convince you that there is 
as certainly a fluid, which is called the electric fluid, as there 
are such fluids as water and air. 
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Ch, Water must have been known ever since the creation; 
and the existence of the air could not long remain a secret. 
But who discovered the electric fluid, which is not at all 
evident to the sense, either of sight or feeling? 

Fa, Thales, who lived six centuries before the Christian 
era, was the first who observed the electrical properties of 
amber ; and he was so struck with the appearances, that he 
supposed it to be animated. 

It is from this circumstance of amber being the first sub- 
stance which exhibited this peculiar property, that the science 
was called electricity, being derived from the Greek word 
electrcn (tjXeKTpov), “ amber.” 

Ja, Does amber, like sealing-wax, attract light bodies? 

Fa. Yes: and there are many other substances, as well as 
those, that have the same power. After Thales, the first 
person we read of who noticed this subject, was Theophrastus. 
He discovered that tourmaline has the power of attracting 
light bodies. It does not, however, appear that the subject, 
though so extraordinarjr, excited much attention till a.d. 16()0, 
when Dr. Gilbert, an English physician, examined a great 
variety of substances, with a view of ascertaining how far they 
might or might not be ranked among electrics. 

Cli. What is meant by electrics P 

Fa. Any substance, being excited or rubbed by the hand, 
or by a woollen cloth, or other means, having the power of 
attracting light bodies, is called an electric. 

Ja. Is not electricity accompanied by a peculiar kind of 
light, and with sparks? 

Fa. It is: of which we shall speak more at large hereafter. 
The celebrated Mr. Boyle is supposed to have been one of the 
first persons who obtained a glimpse of the electrical light, or 
who seems to have noticed it, by rubbing a diamond in the 
dark. But he little imagined, at that time, what astonishing 
effects would afterwards be produced by the same power. Sir 
Isaac Newton was the first who observed that excited glass 
attracted light bodies on the side opposite to that on which it 
was rubbed. 

Ch. How did he make the discovery? 

Fa. Having laid upon the table a round piece of glass, 
about t'wo inches broad, in a brass ring, by which it was 
raised from the table about the eighth of an inch, and then 
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rubbing the glass* some little bits of paper, which were under 
it, were attracted by it, and moved very nimbly to and from 
the glass. 

Ch, I remember standing by a glazier when he was ce- 
menting; that is, rubbing over some window -lights with oil, 
and cleaning it off with a stiff brush and whiting; and the 
little pieces of whiting under the glass kept continually leaping 
up and down, as the brush moved over the glass. 

Fa, That was, undoubtedly, an electrical appearance; but 
I do not remember having ever seen it noticed by any writer 
on electricity. To-morrow we shall enter into the practical 
part of the subject; and I doubt not that the experiments in 
this part of science wiil be as interesting as those in any other 
which you have been studying. The electric light, exhibited 
in different forms; the various signs of attraction and repul- 
sion acting on all bodies; the electric shock, and the discharge 
of the batteiy; will give you pleasure, and excite your admi- 
ration. 

The electric shock was discovered at Leyden, in 1745, 
hence the name Leyden phial;” the first discovery of the 
calorific properties of the electric fluid, and that it would fire 
spirits, was made in 1756. 

QUESTIONS FOE EXAMINATION. 


Mention some instances of electrical 
attraction. — Is the electric fluid 
generally diffhsed and readily collected ? 
— Who discovered the electric fluid, 
and on what bodies was it first ob- 
served?-— 'When did it first excite at- 


tention? — What is meant by an elec- 
tric ? — Who was the first person that 
saw the electric light? — What dis- 
covery did Sir I. Newton make on this 
subject ? — To what is that analogous ? 


CONVERSATION II. 

OP EEECTBIC ATTEACTION AND BEPULSION — ^ELECTBICS AND 
CONDUCTORS. 

Father. You must take it for granted for a little time (that 
is, till we exliibit before you experiments to prove it) that the 
earth, and all bodies with which we are acquainted, contain a 
certain quantity of an exceedingly elastic and penetrating 
fluid, which philosophers call the electric fluid. 

Ch. You say a certain quantity. Is it limited? 
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Fa. Like other bodies, it undoubtedly has its limits. This 
glass will hold a certain quantity of water; but if I attempt 
to pour into it more than that quantity, a part will flow over. 
So it is with the electric fluid: there is a certain quantity 
w^hich belongs to all bodies; and this is called their natural 
quantity; and so long as a body contains neither more nor 
less than this quantity, no sensible effect is produced. 

Ja. Has this table any electricity in it? 

Fa, Yes; and so has the ink-stand, and everything else in 
the room; and if I were to take proper means to put more 
into it than it now has, and you were to put your knuckle to 
it, it would throw it out in the shape of sparks. 

Ja, I should like to see this done. 

Ch, But what would happen if you should take away some 
of its natural quantity? 

Fa, Why, then, if you presented any part of your body to 
the table, as your knuckle, a spark would go from you to the 
table, to supply, in some measure, the deficiency. 

Ja, But, perhaps, Charles might not -have more than his 
natural share; and in that case he could not spare any. 

Fa, True: but to provide for this, the earth on which he 
stands would lend him a little to make up for the quantity he 
parted with to the table. 

Ja, This must be an amusing study. I think I shall like 
it better than any of the others. 

Fa, Take care that you do not pay for the amusement 
before we have done. 

Here is a glass tube, about eighteen inches long, and per-» 
haps an inch or more in diameter. I will rub it up and down 
quickly on my arm, the cloth on which is dry and warm; now 
you will see that if I present it to these fragments of paper, 
feather, thread, or gold-leaf, they will all move to it. That is 
called electrical attraction, 

Ch, They spring back again now; and now they return to 
the glass. 

Fa. They are, in fact, alternately attracted and repelled ; 
and this will last several minutes if the glass be strongly exr 
cited. But there are always two states of electricity co- 
existent; thus when glass is rubbed on woollen cloth, the glass 
attracts and the cloth repels; the former is called positive 
electricity, and the latter negative electricity; so also, w^hen 
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light bodies are attracted by excited glass, they are repelled 
by excited sealing-wax, and contrary wise; whence the two are 
said to be in opposite electric states; which gives rise to the 
terms vitreous electricity, which answers to the positive, and 
resinous electricity, which answers to the negative. I will 
rub the glass again. Present your knuckle to it in several 
parts, one after another. , 

Ja, What is that snapping? I feel something like the 
pricking of a pin. 

Fa. The snapping is occasioned by little sparks which 
come from the tube to your knuckle; and these give the sen- 
sation of pain. 

We will go into a dark room and repeat the experiment. 

Ch. The sparks are evident enough now; but I do not 
know where they can come from. 

Fa. The air and everything is full of the .fluid which 
appears in the shape of sparks; and whatever be the cause, 
which I do not attempt to explain, the rubbing of the glass 
with the hand collects it; and having now more than its 
natural share, it parts with it to you, or to me, or to any one 
else who may be near enough to receive it. 

f. a. Will any other substance, besides the coat-sleeve on 
your arm, or the hand, excite the tube? 

Fa. Yes, many others; but flannel or woollen cloth are 
the best; these are called the rubbers. The glass tube, or 
whatever is capable of being thus excited, is called the electric. 

Ch. Are not all sorts of solid substances susceptible of ex- 
citation? 

Fa. You may rub this poker, or the round ruler for ever, 
without obtaining an electric spark from them. 

Ja. But you said one might get a spark from the mahogany 
table, if it had more than its share. 

Fa. So I say you may have sparks from the poker or ruler, 
if they possess more than their common share of the electric 
fluid. 

Ch. How do you distinguish between bodies that can be, 
and those that cannbt be, excited? 

Fa. The former ^ as I have told you, are called electrics or 
non-conductors^ as the glass tube; the latter, such as the 
poker, the ruler, your body, and a thousand other substances^ 
are denominated conductors. 
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Ch, I should be glad to know the reason of the distinction, 
because I shall be more likely to remember it. 

Fa, When you held your knuckle to the glass tube, you 
had several sparks from the different parts of it: but if I, by 
any means, overcharged a conductor, such as this poker, all 
the electricity would come away at a single spark; because 
the superabundant quantity flows instantaneously from every 
part to that point where it has an opportunity of escaping. 
I will illustrate this by an experiment. 

Ja. Do you call the glass tube a rion-conductor because it 
does not suffer the electric fluid to pass from one part of it to 
another? 

Fa, I do. Silk, if dry, is a non- 
conductor. With this skein of sewing- 
silk I will hang the poker, or any other 
metal substance, a, to a hook in the 
ceiling, or on the back of a chair, so 
as to be about twelve inches from it: 
underneath, and near the extremity, 
are some small substances, as bits of 
paper, he, I will excite the glass 
tube and present it to the upper part 
of the poker. 

Ch, They are all attracted: but now 
you take away the glass they are quiet. 

Fa, It is evident that the electric 
fluid passed from one part of the tube 
through the poker, which is a con- 
ductor, to the paper, and attracted it. 

If the glass be properly excited, you may take sparks from 
the poker. 

Ja, Would not the same happen, if another glass tube were 
placed instead of the poker? 

Fa, You shall try. — Now I have put the glass in the place 
of the poker. Let me excite the other tube as much as I will, 
no effect can be produced on the paper; there are no signs of 
electrical attraction; which shows that the electric fluid will 
not pass through glass. 

Ch, What would have happened if any conducting substance 
had been used, instead of silk, to suspend the iron poker? 

Fa, K I had suspended the poker with a moistened hempen 
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string, the electric fluid would all have passed away through 
it; and there would have been no appearances of electricity at 
the end of the poker, or, if any, they would liave been very 
trifling. 

You may vary these experiments till you make yourselves 
perfect with regard to the distinction between conductors and 
non-conductors. Sealing-wax is a non-conductor, and may 
be excited as the glass tube so as to produce similar eflectsu 
I will give you a list of conductors and non-conductors^ dis- 
posed according to the order of their perfection; beginning in 
each list with the most perfect of their class: thus, glass is a 
better non-conductor or electric than amber; and gold a 
better conductor than silver: — 

TABLE. 


NOK-CONDUCTORS. 

Glass of all kinds. 

All precious stones : the most transpa- 
rent the best. 

Amber. 

Sulphur. 

All resinous substances. 

Wax of all kinds. 

Silk and cotton. 

Feathers, wool, and hair. 

Paper; loaf sugar. 

Air, when quite dry. 

Oils and metallic oxides. 

Ashes of animal and vegetable sub- 
stances. 

Most hard stones : and 
Earth, when quite dry. 


I CONDUCTORS. 

I All the metals, in the following order:— 
Gold; silver; 

Copper; platina; 

Brass; iron; 

Tin; quicksilver; 
liead. 

Solution of metallic salts. 

Metallic ores. 

Charcoal. 

Animal fluids. 

Water, and other fluids, except oil. 
Ice; snow. 

Host saline substances. 

Earthy substances. 

Smoke; steam. 


QUESTIONS FOR EXAMINATION. 


What is supposed to be the nature 
of the agent producing the phenomena 
of electricity? — Can substances con- 
tain more than a certain quantity of 
the electric fluid ? — Does every sub- 
stance possess a certain quantity of the 
electric fluid? — In what oases are 
qiarks obtained ftom any bodies? — 
For what purpose is a glass tube used 


in this science ? — What is meant by 
attraction and repulsion in this science ? 

— In what way is the electric fluid col- 
lected? — Explain the distinction be- 
tween electrics and conductors. — What 
other name is there for electrics?— 
Explain the experiment shown by flg. It 

— Examine the table. 
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Father, I will now explain to you the construction of the 
electrical machine, and show you how to use it. 

Soon after the electric fluid engaged the attention of 
men of science, they began to contrive the readiest methods 
of collecting large quantities of it. By rubbing this stick Ox 
sealing-wax, I can collect a small portion. If I excite or rub 
the glass tube I get still more. The object therefore was, to 
invent a machine, by which the largest quantities could be 
collected, with as little trouble and expense as possible. 

Ja, You get more electricity from the tube than from the 
sealing-wax, because it is five or six times as large. By in- 
creasing the size of the tube, I suppose you would increase the 
quantity of the electric fluid. 

Fa, That is a natural conclusion. But if you look to 
the table of non-cdnductors, which I made out yesterday, you 
will see that, had the wax been as large as the glass tube, it 
would not have collected so much of the electric fluid; because, 
in its own nature, it is not so good an electric. 

Ch, By the table, glass stands as the most perfect electric: 
but there are several substances between it and wax; all of 


which are, I believe, more perfect electrics than wax. 

Fa, Certainly: electricians, therefore, had no doubt as to 
the nature of the substance: they fixed on glass; which, being 
easily melted and blown into aU sorts of forms, is, on that 
account, very valuable. 


The most common form 
now used is that of a glass 
cylinder, from five or six 
inches in diameter, to ten or 
twelve in length. Here is 
one completely fitted up. 
The cylinder, ab, is about 
eight inches in diameter, and 
twelve in length. This I 
turn round in the frame- 






n 


work with the handle n c. 


Fig. 2. 


•7a. What is the piece of black silk, x, for 
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Fa. Tile cylinder would be of no use without a rubber: on 
which account yon see the glass pillar, e s, which, being ce- 
mented into a piece of hard wood, is made to screw into the 
bottom of the machine. On the pillar is a cushion, to which 
is attached the piece of black silk. The cushion is generally 
made of soft leather, and stuffed with horse hair or wool, just 
as the cushions of chairs are made. 

(74. And perceive the cushion is made to press hard 
against the glass. 

Fa, This pressure, when the cylinder is turned round 
quickly, acts precisely like the rubbing of the tube on the 
woollen cloth, though in a still more perfect manner. I will 
turn it round. 

Ja. I do not see much sign of electricity yet. 

Fa, ,No: the machine is complete; but it has no means of 
collecting the fluid from the surrounding bodies: for, you see, 
the cushion or rubber is fixed on a glass pillar; and glass will 
not conduct the electric fluid. 

Ch, Nevertheless, by turning round, it shows some signs 
of attraction. 

Fa, Every substance in nature, with which we are ac- 
quainted, possesses a portion of this fluid; and therefore the 
signs which are now evident arise from the small quantity 
existing in the rubber itself, and the atmosphere that im- 
mediately surrounds the machine. 

Ch, Would the case be different, if the rubber were fixed 
on a conducting substance, instead of glass? 

Fa. It would. But there is a much easier method: I will 
hang this brass chain on the cushion at r, which, being several 
feet long, lies on the table, or on the floor; and this, you 
perceive, is connected, by means of other objects, with the 
earth, which is the grand reservoir of the electric fluid. Now 
see the effect of turning round the cylinder. But I must 
make every part of it dry and rather warm, by rubbing it 
with a dry warm cloth. 

Ja, It is indeed very powerful. What a crackling noise it 
makei^I 

Fa, Yes; now shut the window-shutters. 

Ch, The appearance is very beautiful; the flashes from the 
silk dart all round the cylinder. 

Fa. I will now bring to the cylinder the tin conductor, l, 
which is also placed on a glass pillar, f n, fixed in the stand at f. 
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Ja, What is the use of the points in the tin conductor? 

Fa, They are intended to collect the fluid from the cylin- 
der. I will turn the cylinder; and now hold your knuckle 
within four or five inches of the conductor. 

Ch, The painful sensations which these sparks occasion 
prove that the electric fluid is a very powerful agent, when 
collected in large quantities. 

Fa, To show you the nature of conducting bodies, I will 
now throw another brass chain over the conductor; so that 
one end of it may lie on the floor. See, now, if you can. get 
any sparks while I turn the machine. 

Ja, No, none, however near I put my knuckle. Does it 
all run away by the chain? 

Fa, It does: a piece of brass or iron wire would do as well; 
and so would any conducting substance which touched the 
conductor with one end, and the floor with the other. Your 
body -would do as well as the chain. Place your hand on the 
conductor while I turn round the cylinder: and let your 
brother bring his knuckle near the conductor. 

Ch, I can get no spark. 

Fa, It j-uiis through your brother to the earth; and you see 
that his body is a conductor, as well as the chain. With a 
very little contrivance, I can take sparks from you or James, 
as well as you did from the conductor. 

Ja. I should like to see how that is done 

Fa. Here is a small stool, having a mahogany top and glass 
legs. If you stand on it, and put your hand on the conductor, 
the electricity wdll pass from the conductor to your body. 

Ch. Will the glass legs prevent it from running from him 
to the earth? 

Fa, They will: and therefore what he receives from the 
conductor, he will give off to any of the surrounding bodies, or 
to you, if you bring your hand near enough to any part of him. 

Ja, The sparks are more painful when coming through my 
clothes, than when I received them on my bare hand. 

Fa. You understand, I hope, this process. 

Ch. By means of the chain trailing on the ground, the 
electric fluid is collected from the earth on the glass cylinder,, 
which gives it, through the points, to the conductor. From 
this it may be conveyed away again by means of other con- 
ductors. 

Fa, Whenever a body is supported or prevented from 
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touching the earth, or communicating with it, by means of 
glass or other non-conducting substances, it is said to be 
insulated,. Thus, a body suspended on a silk thread is in- 
sulated; and so is any substance that -stands on glass, or resin, 
or wax, provided that these be in a dry state; for moisture 
will conduct away the electric fluid from any charged body. 

QUESTIONS FOR EXAMINATION. 


For what is the electrical machine 
used? — Explain the parts as repre- 
sented in fig. 2. — How does the 
cushion act? — What connects the 
machine with the surrounding bodies ? 
— What is the grand reserv oir of the 
electric fluid ? — How is the electric 


fluid collected from the cylinder? — 
What proof is there that the electric 
fluid is a very powerful agent ? — How 
are electrical sparks taken from the 
human body ? — What prevents it from 
running to the earth ? — • What is 
meant by insulating a body? 


CONVERSATION IV 

OF THE ELECTRICAL MACHINE — Continued, 

Charles, What is that shining stuff which I saw you put 
on the rubber yesterday? 

Fa, It is called amalgam: the rubber, by itself, would pro- 
duce a very slight excitation; but its power is greatly increased 
by laying upon it a little of this amalgam, which is made of 
quicksilver, zinc, and tinfoil, with a little tallow or mutton 
suet: the best amalgam is that recommended by Mr. Singer, 
which is composed of one ounce of tin melted with two ounces 
of zinc, and this in a state of fluidity is to be mixed with six 
ounces of mercury, and the whole well triturated in a wooden 
mortar till cold. It is now to be made into a fine powder, 
and mixed with enough hog’s lard to form it into a paste, 

Ja, Is there any art required in using this amalgam? 

Fa, When the rubber and silk flap are very clean and dry, 
and in their place, then spread a little of the amalgam upon a 
piece of leather, and apply it to the under part of the glass 
cylinder, while it is revolving from you. By this application 
particles of the amalgam will be carried by the glass itself to 
the lower part of the rubber, and will increase the excitation. 

Ch, I think I once saw a globe, instead of a cylinder, for 
an electrical machine. 

Fa, You might: globes were used before cylinders; but the 
latter are the most convenient of the two. The most pow- 
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erful electrical machines are fitted with fiat plates of glass, 
in our experiments, we shall be content with the cylinder, 
which will answer every purpose of explaining the principles 
of the science. 

Ja, As I was able to conduct the electricity from the tin 
conductor to l^e ground, could I likewise act the part of the 
chain by conducting the fluid from the earth to the cushion? 

Fa. Undoubtedly: I will take off* the chain, and now, you 
keep your hand on the cushion, while I turn the handle. 

^a, I see the machine works as well as when the chain 
was on the ground. * 

Fa. Keep your present position; but stand on the stool 
with glass legs; by which means all communication is now cut 
off between the cushion and the earth: in other words, the 
cushion is completely insulated, and can only take from you 
what electricity it can get from your body. Go, Charles, and 
shake hands with your brother. 

Ch. It does not appear that the machine had taken all the 
electricity from him ; for he gave me a smart spark. 

Fa. You are mistaken: he gave you nothing; but he took 
a spark from you. 

Ch. I stood on the ground. I was not electrified. How, 
then, could I give him a spark? 

Fa, The machine had taken from your brother the elec- 
tricity that was in his body, and by standing on the stool, 
(that is, by being insulated,) he had no means of receiving 
any more from the earth, or any surrounding objects: the 
moment, therefore, you brought your hand near him, the 
electricity passed from you to him. 

Ch. I certainly felt the spark; but whether it went out of, 
or entered into my hand, I cannot tell. Have I, then, less 
than my share now? 

Fa. No: what you gave to your brother, was supplied 
immediately from the earth. Here is another glass-legged 
stool. Stand on this at the distance of a foot or two from 
your brother, who still keeps his place. I will take the elec- 
tricity from him by turning the machine; and, as he stands 
on the stool, he has now less than his share. But you have 
your natural share, because, though you also are insulated, 
yet you are out of the influence of the machine. Extend* 
therefore, your hand, and give him a part of the electric 
fluid that is in you. 
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CA. I have given him a spark. 

Fa. And being yourself insulated, you have now less than 
your natural quantity; to supply which, you shall have some 
from me. Give me your hand. Why, you draw it back 
without my touching it. 

Ch. I did; but it was near enough to get a strong spark 
from you. 

Fa. When a person has less electricity than his natural 
share, he is said to be electrified minus, ( — ) or negatively: 
but if he has more than his natural share, he is said to be 


electrified plus, ) or positively. 

Ja. Then, before Charles gave me the spark, I was elec- 
trified minus, and when he had given it me, he was minus 
till he received it from you. 

Fa. Certainly. Suppose you stand on a stool, and hold 
the rubber, and Charles stand on another stool, and touch the 
prime conductor l, while I turn the machine; which of you 
will be plus, and which minus electrified? 

Ja. 1 shall be minus, because I give to the rubber: and 
Charles will be plus, because he receives from the conductor 
what I gave to the rubber, and which is carried by the 
cylinder to the conductor. 

Fa, You then have less than your share, and your brother 
has more than he ought to have. Now, if I get another glass- 
legged stool, I can take from Charles what he has too much, 
and give it to you who have too little, 

Ch. Is it necessary that you should be insulated for this 
purpose? 

Fa. By being insulated, I may perhaps carry back to James 
the very electricity which passed from him to you. But if I 
stand on the ground, the quantity which I take from you will 
pass into the earth, because I cannot, unless I am insulated, 
retain more than my natural share. 

Ja. And is the quantity I have received from you likewise 


instantaneously supplied by the earth? 

Fa. It is. Let us make another experiment, to 
show that the electric fluid is taken from the 
earth. Here are some little balls made of the pith 
of elder: they are put on thread, and being very 
light, are well adapted to our purpose. 

While the chain is on the cushion, and I 
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work the machine, you must bring the balls near the con- 
ductor, by holding the thread at d. 

Ja, They are attracted by it; and now the two balls repel 
each other, as in the figure x. 

I^a. I ought to have told you, that the upper part, d, of the 
thread is silk, by which you are aware that the balls are insu- 
lated; as silk is a non-conductor. I will take the chain from 
the cushion, and put it on the conductor, so as to allow it to 
hang on the ground, while I turn the machine. Will the 
balls be affected now, if you hold them to the conductor^ 

Ja. No. 

Fa. Take them to the cushion. 

Ch. They are attracted and repelled now, by being brought 
near the cushion, as they were before, by being carried to the 
conductor. 

Fa, Yes; and you may now take sparks from the cushion 
as you did from the conductor: in both cases it must be evident 
that the electric fluid is brought from the earth. 

Some machines are furnished with two conductors; one of 
which is connected with the cushion ; the other such as we 
have described. Turn the cylinder, and both conductors 
will be electrified; but any substance brought within the in- 
fluence of these will be attracted by one of the conductors, 
and repelled by the other: and if a chain or wire be made to 
connect the two together, neither will exhibit any electric 
appearances: they seem, therefore, to be in opposite states. 
Accordingly, electricians say that the conductor connected 
with the cushion is negatively electrified, and the other 
Uvely electrified, and substances are accordingly called either 
eJectro-positive or electro-negative bodies. 


QUESTIONS FOE EXAMINATION. 

What is the composition of amal- less of the fluid than his natural share? 
gam, and for what is it used ? — Ex- — How, when he has more •» — Explain 
plain the mode in which sparks are the experiment of the pith halls, fig. 8 . 
aohveyed from one to another. — How — For what are two conductors used 
is aperson said to he electrified who has in some machines ? 


K K 
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CONVERSATION V 

OF ELECTRICAL ATTRACTION AND REPULSION. 

James. What is this largfe roll of sealing-wax for? 

Fa, As I mean to explain, this morning, the principles of 
electrical attraction and repulsion, I have brought out, in ad- 
dition to the electricdl machine, the long glass tube, and a roll 
of sealing-wax, about fifteen inches long, and an inch and a 
quarter in diameter. 

Ch. Are they not both electrics, and capable of being ex- 
cited? 

Fa. Yes: but the electricity produced by exciting them has 
contrary properties. 

Ja. There are then two kinds of electricities, I suppose? 

Fa. I will show you an experiment before I attempt to 
give any theoretical exposition. I will excite the glass tube 
and Charles shall excite the wax. Now, you bring the pith- 
balls, which are suspended on silk, to the tube: they are sud- 
denly drawn to it; and now they are repelled from one 
another, and likewise from the tube; for you cannot easily 
make them touch it again: — but take them to the excited 
wax. 

Ja. The wax attracts them very powerfully: now they fall 
together again; and appear in the same state as when they 
were brought to the excited tube. 

Fa. Repeat the experiment again and again; because from 
this, two different theories have been formed. One of which 
is, that there are two electricities, called by some philosophers 
the vitreous or positive electricity, and the resinous or negative 
electricity. 

Ch, T^y are they called vitreous and resinous f 

Fa. The word vitreous is from the Latin, and signifies any 
glassy substance; and the word resinous is used to denote 
that the electricity produced by resins, wax, &c., possesses 
different qualities from that produced by glass. 

Ja. Is it not natural to suppose that there are two electri- 
cities, since the excited wax attracts the very same bodies 
that the excited glass repels? 

Fa. It may be as easily explained, by supposing that every 
body, in its natural state, possesses a certain quantity of the 
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olectric fluid; and if a part of it be taken away, It endeavours 
to get it from other bodies; or if more be thrown upon it 
than its natural quantity, it yields it readily to other bodies 
that come within its influence. 

Ch, I do not understand this. 

Fa. If I excite this glass tube, the electricity which it 
exhibits is supposed to come from my hand; but if I excite 
the roll of wax in the same way, the efiect is, according to 
this theory, that a part of the electric fluid, naturally belong- 
ing to the wax, passes from it through my hand to the earth: 
and the wax being surrounded by the air, which, in its dry 
state, is a non-conductor, remains exhausted, and is ready to 
take sparks from any body that may be presented to it. 

Ja. Can you distinguish that the sparks come from the 
glass to the hand: and, on the contrary, from the hand to the 
wax? 

Fa. No; the velocity with which light, and, of course, the 
electric spark, moves, renders it impossible to say what course 
it takes; but I shall show you other experiments which seem 
to justify this theory: and as nature always works by the 
simplest means, it seems more consistent with her usual ope- 
rations that there should be one fluid rather than two, pro- 
vid(?d that known facts can be equally well accounted for by 
one as by two. 

Ch. Can you account for all the leading facts by either 
theory? 

Fa. Yes, I think so. 

You saw when the pith balls were electrified, they repdled 
one another. It is a general principle in electricity, that two 
bodies, having more than their natural share of the electric 
fluid, will repel one another. But if one have more, and the 
other less than its share, they will attract one another* 

Ja. How is this shown? 

Fa. I will hold this ball, which is insulated by a silk; 
thread, to the conductor, and you, Charles, do the same with 
the other. Let us now bring them together. 

Ch. I perceive we cannot: they fly from one another. 

Fa. I will hold mine to the insulated cushion, and you 
shall hold yours to the conductor, while the machine is turned; 
now 1 suspect they will attract one another. 

KK 2 
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Ja. They do, indeed. 

Ch. The reason is this, I suppose: the cushion, and what- 
ever is in contact with it, parts with a portion of its electri- 
city; but the conductor and the adjoining bodies have more 
than their share; therefore, the ball applied to the cushion, 
being negatively electnfied, will attract the one connected 
with the conductor, which is positively electrified. 

Fa, Here is a tuft of feathers, which I will stick in a 
small hole in the conductor: now see what happens to them, 
when I turn the cylinder. 

Ja, They all endeavour to avoid each other, and stand 
erect, in a very beautiful manner. Let me take a spark from 
the conductor. Now they fall down in a moment. 

Fa, When I turned the wheel, they all had more than 
their share of the electric fluid, and therefore they repelled 
one another; but the moment the electricity was taken away, 
they fell into their natural position. A large plume of fea- 
thers, when electrified, grows beautifully turgid, expanding 
its fibres in all directions; and they collapse when the electri- 
city is taken off. 

Ja, Could you make the hairs on my head repel one 
another? 

Fa, Yes, I could, indeed. Stand on the glass-legged stool, 
and hold the chain that hangs on the conductor in your hand, 
while I turn the machine, 

Ch, Now your hairs stand all on end. 

Ja, And I feel something like cobwebs over my face. 

Fa, There are, however, no cobwebs; but that is a sensa- 
tion which a person always experiences if he is highly elec- 
trified. Hold the pith ball, Charles, near your brother’s face. 

Ja. It is attracted in the same manner as it was before 
with the conductor. 

Fa. Hence you may lay it down as a general rule, that all 
light substances coming within the influence of an electrified 
body are attracted by it, whether electrified positively or 
negatively. 

Ch, Because they are attracted by the positive electricity 
to receive some of the superabundant quantity; and by the 
negative, to give away some that they possess. 

Fa. Just so: and when they have received as much as 
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they can contain, they are repelled by the electrified body 
The same thing may be shown in various ways. Ha ving ex- 
cited this glass tube, either by rubbing it several times on 
the cloth of my coat sleeve, or by means of a piece of flannel, 
I will bring it near this small feather. See how quickly it 
springs to the glass. 

Ja, It does, and sticks to it too. 

Fa, You will observe that, after a minute or two, it will 
have taken as much electricity from the tube as it can hold; 
when it will suddenly be repelled, and spring to the nearest 
conductor; upon which it will discharge the superabundant 
electricity that it has acquired. 

Ja. 1 see it is now going to the ground — that being the 
nearest conductor. 

Fa. I will prevent it, by holding the electrified tube be- 
tween it and the floor. You see how unwilling it is to come 
again in contact with the tube: by pursuing it, I can drive 
it where I please without touching it. 

Ch. That is, because the glass and the feather are both 
loaded with the same electricity. 

Fa. Let the feather touch the ground, or any other con- 
ductor, and you will see that it will spring to the tube as 
nimbly as it did before. 

I will suspend this brass plate, which is about five inches 
in diameter, to the conductor; and at the distance of three or 
four inches below I will place some small feathers, or bits of 
paper cut into the figures of men and women. They lie very 
quiet at present: but observe their motions as soon as 1 turn 
the wheel. 

Ja, They appear to represent dancing figures; they jump 
up to the plate and down again. 

Fa. The same principle is evident in all these experiment^. 
The upper plate has more than its own share of the electric 
fluid, which attracts the little figures. As soon as they have 
received a portion of it, they go down to give it to the lower 
plate; and so it will continue till the upper plate is divested 
of its superabundant quantity. 

I will take away the plates, and hang a chain on the con- 
ductor, the end of which sh«^ lie in several folds in a glass 
tumbler: if I turn the machine, the electric fluid will run 
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throtigh the chain; and will electrify the inside of the ^bss. 
This i^ing done, I will then turn it quickly over eight or ten 
small pith balls, which lie on the table. 

Ch* That is avery amusing sight. How they jump about! 
They serve to carry the electricity from the glass to the 
table. 

Fa, If, instead of the lower metal plate, I hold in my hand 
a pane of dry and clean glass, by the corner, the paper figures, 
or pith balls, will not move, because, glass being a non-con- 
ducting substance, it has no power of carrying away the 
superabundant electricity from the plate suspended from the 
conductor. But, if I hold the glass flat in my hand, the 
figures will be attracted and repelled: which shows that the 
electric fluid will pass through thin glass. I will here give 
you a list of a few substances which take vitreous electricity 
if rubbed with the body immediately following it, but resinous 
electricity if rubbed with the one immediately preceding. 

The back of a cat. Wood 

Smooth glass. Paper. 

Woollen cloth. Silk. 

Feathers. 

Now take down on paper the following results, and com- 
mit them to memory. 

1. If two insulated pith balls be brought near the con- 
ductor, they will repel each other. 

2. If an insulated conductor be connected with the cushion, 
and two insulated pith balls be electrified by it, they will 
repel each other. 

3. If one insulated ball be electrified by the prime con- 
ductor, and another by the conductor connected with the 
cushion, they will attract each other. 

4. If one ball be electrified by glass, and another by wax, 
they will attract each other. 

5. If one ball be electrified by a smooth, and another by a 
rough excited glass tube, they will attract one another. 

QUESTIONS FOR EXAMINATION. 

. Explain the nature of vitreous and of the electrio spark be traced? — Is it 
desinous electricity, and why they arc the more natural theory that there 
so called. — How are the two kinds of should be one or two electric fluids?— 
eleotricity explained? — Gan the course On the supposition of one fluid only. 
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eaa thetkets be Moounted Ibr? — 11-' 
lustrate tbiewith the pith balls. -—How 
is toe experiment of the tuft of fea- 
thers explained ? ^ How is the hair on 
the head affected by electricity? — ^What 
particular sensation does an electrified 
IH rson usually feel? — What is the ge- 
neral rule on this subject? — How do 
you show that, when a body has re- 
ceired as much electricity as it can con- 
tain, it will be repelled by another 
electrified body ? — How is the expe- 


riment of the dancing figures explain* 
ed?— What will happen if twoinsu^ 
lated pith balls be brought near the 

electrified conductor of a machine? 

In what case will pith balls repel each 
other ? — In what oases will there be 
an attraction between them 1 * — What 
will be the result if one pith ball be 
electrified with wax and another with 
glass? — Will the result be the same 
if the balls be electrified, one with 
smooth and another with rough glass” 


CONVERSATION VL 

OF ELECTRICAL ATTRACTION AND REPULSION. 

Father. I will show you another instance or two of the 
effects of electrical attraction and repulsion. 

This apparatus consists of three bells 
suspended from a brass wire; the two 
outer ones by small brass chains ; the 
middle bell, and the two clappers, x x, 
are suspended on silk. From the middle 
bell there is a chain, n, which goes to 
the table, or any other conducting sub- 
stance. The bells are now to be hung 
by c on the conductor, and the electrical 
machine to be put in motion. 

Ja. The clappers go from bell to bell, and make very pretty 
music: how do you explain that? 

Fa. The electric fluid runs down the chains a and b to the 
bells, A b: these, having more than their natural quantity, 
attract the clappers, x a?, which take a portion from a and b, 
and carry it to the centre bell, n; and this, by means of tte 
chain, conveys it to the earth. 

Ch. Would not the same effect be produced if the clappers 
were not suspended by silk ? 

Fa. Certainly not: nor will it be produced if the chain be 
taken away from the bell n, because then there is no way left 
to carry off the electric fluid to the earth. 

Another amusing experiment is thus shown: — ^Let there be 
two wires placed exactly one above another, and parallel : the 
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upper one must be suspended from the conductor; the other 
is to communicate with the table: a light image, placed be- 
tween these, will, when the conductor is electrifi^, appear 
like a rope-dancer. 

This piece of leaf brass is called the electric Jish: one end 
is a sort of obtuse angle; the other is acute. If the large end 
be presented towards an electrified conductor, it will adhere 
to it, and, from its wavering motion, appear to be animated. 

This property of attraction and repulsion has led to the 
inventions of many instruments called electrometers. 

Ja, Is not an electrometer a machine to measure the strength 
of the electricity? 

Fa. Y es; and this is one of the most simple; 
and it depends entirely upon the repulsion which 
takes place between two bodies in a state of elec- 
trification. It consists of a slender rod, termi- 
nated by a pith ball hanging parallel to the stem, 
but turning on the centre of a wooden or iron 
semicircle, so as to keep close to its graduated 
limb. This is fitted to a hole in the conductor, 
and the more the conductor is electrified, the far- ^ 
ther will the ball fly from the stem; and the 
number of degrees described by the index conveys some idea 
of the quantity of electricity. 

Ch. If the circular part be marked with degrees, you may 
ascertain, I suppose, pretty accurately, the strength of any 
given charge? 

Fa. Yes, you may; but you see how fast the air carries 
away the electricity: it scarcely remains a single moment in 
the place to which it was repelled. Two pith balls may be 
suspended parallel to one another, on silken threads, and ap- 
plied to any part of an electrical machine; and they will, by 
their repulsion, serve for an electrometer; for they will repel 
each other in proportion to the power given to the machine. 

Ja. Has this any advantage over the o*ther? 

Fa. It serves to show whether the electricity be negative 
or positive: for if it be positive, the threads will fall together 
again, if you apply an excited stick of sealing-wax; but if it 
be negative, excited sealing-wax, or resin, or sulphur, or 
even a rod of glass, the polish of which is taken off; will 
make them recede farther. 




ATTRACTION AND REPULSION. S06 

There is another kind of electrical machine, called the 
Plate Machine, invented by Dr. Fryenbourg, and which has 
subsequently been much improved, especially by Cuthbertson. 
It consists of a circular plate of glass, revolving in a vertical 
position, on an axis passing horizontally and at right angles 
through its centre: it is rubbed by two pairs of cushions, one 
above and one below, attached to the frame, and so regulated 
as to employ an elastic pressure on the circumference of the 
plate, which each pair embraces with the necessary force; a 
brass conductor, with branching extremities, is attached at 
right angles to the pairs of cushions, and is supported by 
a glass stem; while pointed wires are affixed to the extre- 
mities of the branches, to collect . the electricity from the 
plate. This machine, however, is more expensive than the 
other, and more liable to accidents. 

We have now, perhaps, said enough respecting electrical 
attraction and repulsion, at least for the present: 1 wish you, 
however, to commit the following results to your memory:— 

I. Bodies electrified positively repel each other. 

II. Bodies electrified negatively repel each other. 

* Ch. Do you mean, that if two bodies have either more or 
less of the electric fluid than their natural share, they will 
repel each other if brought sufficiently near? 

Fa, Exactly so. 

III. Bodies electrified by contrary powers — that is, two 
bodies, one having more, and the other less than its natural 
share — attract each other very strongly. 

IV. Bodies that are electrified attract light substances 
which are not electrified. 

These are facts which, I hope, I have made sufficiently 
evident to you. To-morrow we will describe what is usually 
called the ‘‘ Leyden Phial.” / 


QUESTIONS FOR EXAMINATION. 

Explain the experiment of the bells, discovered whether electricity is nega- 
— What do you mean by the electric tive or positive ? — When do electrified 
fish? --For what is an electrometer bodies repel each other ? — Under what 
used? — Look to fig. 5, and explain the circumstances do they attract each 
nature of the instrument. — How is it j other? 
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CONVEBSATION VIL 

OF THE LEYDEN PHIAL, OB JAB» 

Father*, I will take away tke wires and the ball from the 
conductor, and then remove the latter an inch or two farther 
from the cylinder. If the machine acts strongly, bring an 
insulated pith ball (that is, one hanging on silk) to the end 
of the conductor nearest to the glass cylinder. 

C%. It is, I perceive, immediately attracted. 

Fa. Carry it to the other end of the conductor, and see 
what happens. 

Ch. It is attracted again, but I thought it would have been 
repelled. 

Fa. Then, as the ball was electrified before, and is still 
attracted^ you are sure that the electricity of the two ends of 
the conductor is differently named; that is, one is plus^ and 
the other minus. 

Ja. Which is the positive, and which the negative end? 

Fa. That end of the conductor which is nearest to the 
Cylinder becomes possessed of an electricity different from that 
of the cylinder itself. 

Ja. Do you mean, that if the cylinder is positively elec- 
trified, the end of the conductor next to it is negatively 
electrified? 

Fa. I do; and this you may see by holding an insTilated 
pith ball between them. 

Ch. Yes: it is now very evident; for the ball fetches and 
carries, as we have seen it before. 

Fa, What you have seen with regard to the conductor is 
equally true with respect to non-conducting bodies. Here is 
a common glass tumbler, if I throw into it a greater portion 
of electricity than it naturally possesses, and hold it in my 
hand, or place it on any conducting substance, as the table, a 
part of the electric flui^ that naturally belongs to the outside, 
will make its escape through my body. 

Ch. Let me try it. 

Fa. But you must be careful not to break the glass. 

Ch. I will hang the chain on the conductor, and let the 
other end lie on the bottom of the glass; and James will turn 
the machine. 
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Fa. You must also take care that the chain does not touch 
the edge of the glass; because thereby the electric fluid would 
run from one side ofitto the other, and spoil the experiment. 

Ja. If I have turned the machine enough, take the chain 
out, and try the two sides with the insulated pith ball. 

Ch, What is this? Something has pierced through my 
arms and shoulders. 

Fa. That is a trifling electrical shock, which you might 
have avoided, if you had waited for my directions. 

Ch. Indeed it was not trifling: I feel it now. 

Fa. This leads us to the Leyden Phial, or Jar, so called, 
because the discovery was first made at Leyden, m Holland, 
and by means of a phial or small bottle. 

Ja. Was it found out in the same manner as Charles has 
just discovered it? 

Fa. Nearly so: Cuneus, a Dutch philosopher, was holding 
a glass phial in his hand, about half flUed with water; but the 
sides above the water, and the outside was quite dry; a wire 
also hung from the conductor of an electrical machine into 
the water. 

Ja. Did that answer to the chain? 

Fa. Yes; and, like Charles, he was going to disengage the 
wire with one hand, as he held the bottle in the other, and 
was surprised and alarmed by a sudden shock in his arms, and 
through his breast, which he had not the least expected. 

Ch. I do not think there was anything to be alarmed at. 

Fa. The shock which he felt was probably something 
severer than that which you have just experienced: but the 
terror was evidently increased by coming so completely un- 
expected. 

When Muschenbroeck first felt the shock, which resulted 
from a thin glass bowl, and very slight, he wrote to 
Heaumur, that he felt himself struck in ^s arms, shoulders, 
and breast, so violently, that he lost his breath, and was two 
whole days before he recovered from the effects of the blow. 

Ch. Perhaps he meant the fright? 

Fa. Terror seems to have been the effect of the shock; for 
he adds, “ I would not take a second shock for the whole 
kingdom of France.” 

Ninkler, an experimental philosopher at Leipsic, describe^ 
the shock as having given him convulsions, and a heaviness 
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in his head, such as he should feel if a large stone were on 
it; and he had reason to dread a fever, to prevent which he 
put himself on a course of cooling medicines. “ Twice,” says 
he, “ it gave me a bleeding at the nose, to which I am not 
subject, and my wife, whose * curiosity surpassed her fears, 
received the shock twice, and found herself so weak, that 
she could scarcely walk: nevertheless, in the course of a few 
days she received another shock, which caused 
the nose.” 

Ja. Is this called the Leyden Phial? 

Fa. It is. They are now made in this man- 
ner, B A is a thin glass jar, covered both inside 
and out with tin-foil about, three parts of the 
way up, as far as x. 

Ch. Does the outside covering answer to the 
hand, and the inside covering to the water? 

Fa. Yes: the piece of wood z is placed on the 
top, merely to support the brass wire and knob r, 
to the bottom of which hangs a chain that rests on the bottom 
of the jar. I will now set the jar in such a situation that it 
shall be within two or three inches of the prime conductor 
while I work the machine. 

Ja. The sparks fly rapidly from the conductor to the knob. 

Fa. By that means the inside of the jar becomes charged 
with a superabundant quantity of electricity: and, as it cannot 
contain this without, at the same time, driving away an equal 
quantity from the outside, the inside is positively electrified, 
and the outside negatively electrified. To restore the equi- 
librium, I must make a communication between the outside 
and inside with some conducting substance; that is, I must 
make the same substance touch, at the same time, the outside 
tin-foil, and that which is within, or, which is the same thing, 
another substance that does touch it. 

Ch. The brass wire touches the inside: if I, therefore, with 
one hand touch the knob, and with the other the outside 
covering, will it be suflScient? 

Fa. It will: but I had rather you would not, because 
the shock will be more powerful than I should wish 
either myself or you to experience. Here is a brass 
wire with two little balls or knobs, 5 to it. I will 
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now bring one of them, s, to the outside, and the other, i, tc 
the ball, v, on the wire. 

Ja, What a brilliant spark, and what a loud noise! 

Fa, The electric fluid that occasions the light and the noise 
ran fi’om the inside of the jar along the wire to Sy and spread 
itself over the outside. 

Ch, Would it have gone through my arms if I had put one 
hand to the outside, and touched the wire communicating with 
the inside with the other? 

Fa, It would; and you may believe that the shock would 
have been in proportion to the quantity of the fluid 
collected. The instrument I used may be called a 
discharging rod: but here is a more convenient one: 
the handle, d, is solid glass, fastened into a brass 
socket, and the brass work is the same as fig. 7, 
except that, by turning on a joint, the arms may be 
opened to any extent. 

Ja, Why is the handle made of glass? 

Fa, Because glass being a non-conductor, the electric fluid 
passes through the brass work, without affecting the hand; 
whereas, with the other, a small sensation was perceived 
while I discharged the jar. 

Ch, Would the jar never discharge itself ? 

Fa, Yes: by exposure to the air for some time, the charge 
of the jar will be silently and gradually dissipated; for the 
superabundant electric fluid of the inside will escape, by means 
of the air, to the outside of the jar. Electricians, however, 
make it a rule never to leave a jar in its charged state. 



QUESTIONS FOR EXAMINATION. 

Howls it known that the ends of an i ler? — How is the Leyden phial con- 
electrified conductor possess the plus | structed, and how are its effects ex- 
and minus electricity? — Is it known ' plained? — How is the equilibrium re- 
which is positive and which negative ? stored? — For what is the machine, 
— Suppose more electricity than its na- represented by fig. 7, used? — How 
tural share is thrown into the inside of would the shock be conveyed through 
a glass tumbler, in what state will the the body ? — What do you mean by a 
outside be ? — Where and how was the discharging rod ? — Why have (hscharg- 
Xieydcn phial discovered ? — How does ing rods glass handles? — Would an 
Huschenbroeck deFOribe the electrical electrified body ever discharge itself? 
shock ? — How is it described by Nink- ( 
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CONVERSATION VIH. 

OF THE LEYDEN JAR: LANE’s DISCHARGING ELECTROMETER, 
AND THE ELECTRICAL pATTERT 

Charles, In discharging the jar yesterday, I observed, that 
when one of the discharging rods touched the outside of the 
jar, the flash and report took place before the other end came 
in contact with the brass wire that communicates with the 
inside coating. 

Fa. Yes; it acts in the same manner as when you take a 
spark from the conductor. You do not, for that purpose, 
bring your knuckle close to the tin. 

Ja. Sometimes, when the machine acts very powerfully, 
you may get the spark at the distance of several inches. 

Fa, By the same principle, the higher an electrical or 
Leyden jar is charged, the more easily, or at a greater distance, 
it is discharged. 

Ch. From your experiments it does not seem that it will 
discharge at so great a distance as that in which a spark may 
be taken from the conductor. 

Fa, Very frequently ajar will discharge itself, after it has 
accumulated as much of the electrical fluid as it can contain; 
that is, the fluid wliich is thrown on the inside coating will 
make its way over the glass, though a non-conductor, to the 
outside coating. 

Ja, In a Leyden jar, after the first discharge, you always, 
I perceive, take another and smaller one. 

Fa. The tin -foil on the jar not being a perfect conductor, 
the whole quantity of fluid will not pass at first from the 
inside to the out: what remains is called the residuary charge, 
and this, in a large jar, would still give a considerable shock; 
therefore, in discharging an electricd jar, it is always advisable 
to take away the residuum before you venture to remove the 
apparatus. I will now describe an Electrometer, whi^h 
depends, for its action, on the principles we have been de- 
scribing. 



LANB*S ELBCTBOBCETEK, 


611 


Ch Do you mean that it depends upon the discharging of 
the jar before the outside and inside coating are actually 
brought into contact? 

Fa, I do. The arm d is made of glass, y 

and proceeds from a socket on the wire of 
the electrical jar f. To the top of the glass ^ J 

arm is cemented another brass socket e, ^ / 

through which a wire, with balls, b and c, j 

at each end, will slide backwards and for- / 

wards. 

Ja. So that it may be brought to any Fig. 9. 
distance from the ball a, which is on the wire connected with 
the inside of the jar? 

Fa. Yes. When the jar f is set in contact, or very near 
the conductor, as represented in the figure, and the ball b is 
set at the distance of the eighth of an inch from the ball a, let 
a wire, c k, be fixed between the ball c and the outside coating 
of the jar. Then, as soon as the macliine is worked, the jar 
cannot be charged beyond a certain point: for when the charge 
is strong enough to pass from a to the ball b, the discharge 
will take place, and the electric fluid collected in the inside 
will pass through the wire c k to the outside coating. 

Ch. If you remove the balls to a greater distance from one 
another, will a stronger charge be required before the fluid 
can pass from the inside of the jar to the ball b of the elec- 
trometer? 

Fa. Certainly: and therefore the discharge will be much 
stronger. This machine is called Lane’s Discharging Elec- 
trometer, from the name of the person who invented it, and 
the power of the machine may be ascertained from the number 
of explosions which at any given distance take place in equal 
times. It is very useful in applying the electric shock ta 
medical purposes, as we shall see hereafter. 

If we were to combine together several jars, we could 
obtain a very great quantity of electricity, but in this case 
the interior coatings of the jars must communicate by means 
of metallic rods, and so likewise the exterior coatings. This 
combined set of jars may be charged as if but one jar, and 
they would have extraordinary power; and this is what is 
called an Electrical Battery. 
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This box contains nine jars, or Leyden 
phials: the wires which proceed from the 
inside of each three of these jars are 
screwed or fastened to a common hori- 
zontal wire E, which has a knob at each 
extremity, and by means of the wires 
F F, the inside coatings of 3 or 6, or the 
whole 9 may be connected, ^ 

Ja, Is it a common box in which the jars are placed? 

Fa, The inside of the box is lined with tin-foil: sometimes 
very thin tin plates are used, for the purpose of connecting 
more effectually the outside coatings of all the jars. 

Ch, For what purpose is the hook on one side of the box? 

Fa, To this hook is fastened a strong wire, which commu- 
nicates with the inside lining of the box, and, of course, with 
the outside coating of the jars. You see also that a wire is 
fastened to the hook, which connects it with one branch of 
the discharging rod. 

Ja, Is there any particular art to be used in charging a 
battery. 

Fa, No: the best way is, to bripg a chain, or piece of wire, 
from the conductor to one of the balls on the rods that rest 
upon the jars: and then set the machine to work. The elec- 
tric fluid passes from the conductor to the inside of all the 
jars, till it is charged sufficiently high for the purpose. Great 
caution, however, must be used when you come to make ex- 
periments with a battery, to prevent accident either to yourself 
or to the spectators. 

Ch, Would a shock from this be attended with any bad 
consequences? 

Fa, Yes: very serious accidents may happen from the 
electricity accumulated in a large battery, and even with a bat- 
tery such as is represented in the plate, which is one of the 
smallest in use. A shock may be given, wliich, if passed 
through the head, or any other vital part of the body, may be 
attended with very mischievous effects. 

Ja, How do you know when the battery is properly 
charged? 

Fa* The quadrant electrometer (fig. 5.) is the best guide: 
and this may be fixed either on the conductor or upon one of 
the rods of the battery. But if it be fixed on the battery, the 
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Stem of it should be of a good length; not less than 12 or 15 
inches. 

Ch. How high will the index stand when the battery ig 
(diarged? 

Fa. It will seldom rise so high as 90®, because a machine, 
under the most favourable circumstances, cannot charge a 
battery so high, in proportion, as a single jar. You may 
reckon that a battery is well charged when the index rises as 
high as 60®, or between that and 70®. 

Ja, Is there no danger of breaking the jars when the 
battery is very highly charged? 

Fa. Yes, there is: and if one jar be cracked, it is impossible 
to charge the others till the broken one be removed. To 
prevent accidents, it is recommended not to discharge a 
battery through a good conductor, unless the circuit be at 
least five feet long. 

Ch. Do you mean that the vdre should be of that length? 

Fa. Yes, if you pass the charge through that: but you may 
carry it through any conductor. 

Before a battery is used, the uncoated part of the jars must 
be made perfectly clean and dry, as the smallest particles of 
dust will carry off the electric fluid. After a discharge, 
never fail to connect the wire from the hook with the ball, 
to prevent any residuum. 

QUESTIONS FOE EXAMINATION. 

What is meant in electricity by the with dangerous effects ? — For what if 
word residuum ? — Explain the nature the quadrant electrometer used ? •— 
and uses of the electrometer, fig. 10. — When do you know that the battery 
Who invented it, and for what pur> is properly charged? — In what case 
poses is it usually applied ? — Explain will not a battery act, and how are 
the construction of an electrical bat- accidents prevented?--. What precau* 
tery — How is it charged? — May not tioiis are necessary in using the bat* 
the charge of a battery be attended tery? 


CONVERSATION IX. 

EXPERIMENTS MADE WITH THE ELECTRICAL BATTERY. 

Father. I will now show you some experiments with this 
large battery. To perform these with perfect safety, you 
must stand some distance from it, which will preserve you 
from accidents. 


L L 
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Expedment L — will take this quire af writiug paper, and 
place it against the hook or wire proceeding from the box; 
and when the batterj is charged, I will pat one ball of the 
discharging rod to a knob of one of the wires, f, and bring the 
other fcmob to that part of the paper which stands against the 
wire connected with the box. You see what a hole it has 
made through every sheet of the paper. Smell the paper 
where the perforation is. 

C%. It smells like sulphur. 

Fa, Or more like phosphorus. Did you observe, in this 
experiment, that the electric fluid passed from the inside of the 
jars, through the conducting rod and paper, to the outside? 

«7o. Yes; why did it not pass through the paper, as it 
passed the brass discharging rod, without making a hole? 

Fa, Paper is a non-conductor, but brass is a conductor. 
Through the latter it passes without any resistance; but in 
its endeavour to get to the inside of the box, it burst the paper, 
as you see. The same thing would have happened if there 
had been twice or thrice as much paper. The electric fluid 
of a single jar will pierce through very many sheets of paper. 

Ch, Would it aflect any other non-conducting substance 
in the same manner? 

Fa, Yes; it will even break a thin piece of glass, or resin, 
or sealing-wax, if it be interposed between the discharging 
rod and the outside of the coating of the battery. 

Ex. n. — ^Now put a piece of loaf sugar in the place where 
the quire of paper was just now; the sugar will be broken, 
and in the dark it will appear beautifr^y illuminated, re- 
maining so for many seconds. 

Ex. ni — Let the small piece of wire proceeding from the 
hole in the box be laid on one side of a plate containing some 
spirits of wine, and, on the opposite side of the plate, place 
one of the knobs of the discharging rod, while the other is 
carried to the wires connected with the inside of the jars. 

Ch, Will the electric fluid then have a passage through 
the spirit? 

Fa, It will set it on fire instantly. 

Ex. lY. — Take two slips of common window^lass, about 
four inches long, and one inch broad. Put a l&jtr of gold 
leaf between the glasses, leaving a small part of it out at each 
end. Then tie the glasses together, or press them with a 
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lieayj weight, and send the charge of the batterj through it^ 
bj connecting one end of the glass with the outside of the 
jars, and bringing the discharging rod to the other end, and 
to the wires of the inside of the battery. 

Ja, Will it break the glass? ’ 

Fa. It probably will; but whether it do or not, the gold leaf 
will beforced into the pores of the glass, so as to give the appear- 
ance of glass stained with gold, which nothing can wash away. 

Ex. V. — If the gold le^ be put between two cards, and a 
strong charge passed through it, it will be completely fused 
or melted; and the marks of it will appear on the card. 

This instrument, called the 
Universal Discharger, is very 
useful for passing charges 
through many substances, bb 
are glass pill^s cemented into 
the frame a. To each of the 
pillars is cemented a brass cap, 
and a double joint for hori;zontal and vertical motions. On 
the top of each joint is a spring tube, which holds the sliding 
wires cx, cxy so that they may be set at various distances 
from each other, and turned in any direction: the extremities 
of the wires are pointed, but with screws, at about half an 
inch from the points, to receive balls. The table, e d, inlaid 
with a piece of ivory, is made to move up and down in a 
socket, and a screw fastens it to any required height. The 
rings, c c, are very convenient for fixing a chain or wire to 
them, which proceeds from the conductor. 

Ch. Do you lay anything on the ivory, between the balls, 
when you want to send the charge of a battery through it? 

Fa. Yes: and by drawing out the wires, the balls may b^ 
separated to any distance less than the length of the ivory. 
The little figure^ h, represents a press, which may “ , 

be substituted in the place of the table, e d: it con- 
sitts of two flat pieces of mahogany which may be I I 
brought together by screws. 

Ja. Then, instead of tying the slips of glass together in 
Experiment lY., you might have done it better by making 
me of the press? 

Fa. I might; but 1 was willing to show you how the thing 
might be done if no such apparatus were at hand. The use 

L L 2 
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of the table and press, which, in fact, always go together, is 
for keeping steady all descriptions of bodies through which 
the charge of a single jar, or any number of which a battery 
consists, is to be conveyed. We will now proceed with the 
experiments. 

Ex. VI. — I will take the knobs from the wires of the 
Universal Discharger, and having laid a piece of very dry 
writing-paper on the table e, I will place the points of the 
wires at an inch or more from one another; then, by con- 
necting one of the rings c with the outside wire or hook of 
the battery, and bringing the discharging rod from the other 
ring c to one of the knobs of the battery, you will see that 
the paper will be torn to pieces. 

Ex. VII. — The experiment which I am now going to 
make, you must never attempt by yourselves. I first put a 
little gunpowder in a little wooden cup, and carry the spark 
along a moist thread six or seven inches in length, at- 
tached to that arm of the universal discharger which is con- 
nected with the negative coat of the jar containing the 
charge. I now send the charge of the battery through it, and 
the gunpowder, you see, is instantly inflamed. 

Ex. VIII. — Here is a very slender wire, not a hundredth 
part of an inch in diameter, which I connect with the wires 
of the discharger, and send the charge of a battery through it, 
which will completely melt it; and you now perceive the 
little globules of iron instead of the thin wire. 

Ch, Will other wires besides iron be melted in the same 
manner? 

Fa, Yes: if the battery be large enough, and .the wires 
sufficiently thin, the experiment will succeed with them all; 
even with a single jar, if it be pretty large, very slender 
wire may be fused. But. the charges of batteries have been 
used to determine the different conducting powers of the 
several metals. 

Ja, If the charge is not strong enough to melt the wire, 
will it make it red-hot? 

Fa, It will: and when the experiment is properly done, 
the course of the fluid, may.be discerned by its effects: xbr 
if the wire is about three inches long, it will be seen that the 
end of it, which is connected with the inside of the battery, is 
red-hot first, and the redness proceeds towards the other. 



EXPERIMENTS. 


517 


Ch. That is a clear proof that the superabundant electricitj 
accumulated in the inside is carried to the outside of the jars. 

Fa» Ex. IX. — ^We shall hereafter discuss the subject of 
Magnetism: but by discharging the battery tlirough a small 
sewing needle, it will become magnetic; that is, if the needle 
be accurately suspended on a small piece of cork in a basin 
of water, one end will, of itself, point to the north, and the 
other to the south. 

Ex. X. — I will lay this chain on a sheet of writing-paper, 
and send the charge of the battery through the chain; and 
you will see black marks will be left on the paper in those 
places where the rings of the chain touch each other 

Ex. XI. — ^Place a small piece of very dry wood between the 
balls of the Universal Discharger, so that the fibres of the 
wood may be in the direction of the wires, and pass the charge 
of the battery through them; the wood will be torn in pieces. 
The points of the wires being run into the wood, and the 
shock passed through them, will etfect the same thing. 

Ex. XIL — Here is a glass tube, open at both ends, six 
inches long, and a quarter of an inch in diameter. These 
pieces of cork, with wires in them, exactly fit the ends of the 
tube. I will now put in one cork, and fill the tube with 
water, and then put in the other cork, and push the wires so 
that they nearly touch, and pass the charge of the battery 
through them. You see the tube is broken, and the water 
dispersed in every direction.* 

Ch, If water be a good conductor, how is it that the 
charge did not run through it, without breaking the tube? 

Fa, The electric fluid, like common fire, converts the water 
into a highly elastic vapour, which, occupying very suddenly 
a much larger space than the water, bursts the tube before it 
can effect its escape. / 

QUESTIONS FOE EXIXMINATION. 

Explain the experiment of piercing ing substances ? — What is the second 
holes in a quire of paper. — Why is a hole experiment mentioned ? — How is spi- 
made through the paper ? — Will elec- rit of wine inflamed ? — How can glass 
tricity tear or break other non-conduct- be stained with gold leaf V — Can g^ld 


* To prevent accident, a wire cage^ such as is used in certain experiments on 
the air-pump, should be put over the tube before the dischaxge is made. Young . 
persons should not attempt this experiment by themselves. 
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leaf be aydted by* tbe electric fluid ? — 
Explain the structure and uses of the 
uniTcrsal discharger. — By what elec- 
tiio meaiii can a i^ece of paper be tom 
in pieces? — Gan gunpowder be inflamed 
by the eldetric fluid ? How is wire 


flised by electricity ? — How is it known 
that the superabundant ^eotricity of 
the inside of the electric jar posses to 
the outside ? — Can wood be rent asunder 
by dectricity ? — Explain the reason 
the twelfl^ experiment. 


CONVERSATION X. 

OV THE BLEGTBIO SPARK, AND MISCELLANEOUS EXPERIMENTS. 

Father, I wish you to observe some facts connected with the 
electric spark. By means of the wire inserted in this ball, I 
fix it to the end of the conductor, and bring either another 
brass ball, or my knuckle to it, and if the machine act pretty 
powerfully, a long, crooked, brilliant spark w-ill pass between 
the two bails, or between the knuckle and ball. If the con- 
ductor is negative, it receives the spark from the body; but if 
it is positive, the ball or the knuckle receives the spark from 
the conductor. 

Ch, Does the size of the spark depend at all on the size of 
the conductor? 

Fa, The- longest and most vivid sparks are obtained from 
a large conductor, provided the machine acts very powerfully, 
or from between two conductors of a rounded form, in pro- 
portion as they are both portions of spheres of large diameter. 
When the quantity of electricity is small, the spark is straight; 
but when it is strong, and capable of striking at a greater 
distance, it passes through a considerable extent of air, and is 
of very great length, having the appearance of a long streak 
of fire; extending from the conductor to the ball, distributed 
in its direction to various points of the surface of the ball; and 
often assuming what is called a zig-zag direction. 

Ja, If the electric fluid is fire, why does not the spark, 
which excites a painful sensation, burn me, when I receive it 
on my hand? 

Fa, Ex. 1. — I have shown you that the charge from a 
battery will make iron wire red hot, and set fire to gunpowder. 
Now stand on the glass-legged stool, and hold the cheun from 
the conductor with one l^d. You, Charles, must hold this 
spoon, which contains some spirits of wine, towards your 
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birotiier, wMle I tiitn the machine; and a spark taken frosk 
bis knuckle, if sufScientlj large, wiH set fire to the spirit. 

Ch. It has, indeed! Did jonpreparethe spirit for the purpose? 
Fa. 1 merelj made the silrer spoon tolerably warm before 
1 put the spirit into it. 

Ex. 11. — ^If a bail of box-wood be placed on the conductor, 
instead of the hnas ball, a spark taken from it will be of a fine 
red colour. 

Ex. IIL— An irory ball placed on the conductor ?riU 
assume a yery beautiful and luminous appearance if a strong 
spark be taken through its centre. 

Ex. ly. — Sparks taken over a piece of silyered leather 
appear ox a green colour, and over gilt leather ci a red colour. 

Ex. V. — Here is a glass 
tube, round which, at small ^ 
distances from each other, 
pieces of tin-foil are pasted, in 
a spiral form, from end to end: this tube is enclosed in a 
larger one, fitted with brass caps at each end, which are con- 
nected with the tin-foil of the inner tube^ Now shut the 
window-shutters. I will hold one end, a, in my hand, while 
one of you turn the machine, and 1 will apply the other end, 
B, to the conductor, from which it will take numerous sparks. 
Ch. This is a very beautiful experiment. 

Fa. The beauty of it consists in the distance remainmg 
between the pieces of tin-foil; and were you to increase the 
number of these distances, the brilliancy would be very much 
heightened. 

Ex. YI. — The following is another experiment of the same 
kind. Here is a word, with which you are acquainted, im- 
printed on glass, by means 
of tin-foil pasted on it, and 
fixed in a frame of baked 
wood. I will hold the 
frame in my hand at h, and present the ball a to the con- 
ductor; and at every considerable spark the word will be 
beautifiiUy illuminated. 

Ex. VII. — A piece of sponge filled with water, and hnng 
to a conductor, when ^ectrified in a dark room, exhibits also 
a beautiful appearance. 

Ex. Yin. — This bottle is now charged. If I bring the 
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bms knob projecting £roiu it to a baain of water which is in- 
sulated, it will attract a drop of the liquid; and this, on the 
removal of the bottle, will assume a cpnical shape; and if 
brought near anj conducting substance, it will d^ to it in 
luminous streams. 

Ex. IX. — ^Place a drop of water on the conductor, and work 
the machine, the drop will afford a long spark, assume a 
conical figure, and carry some of the water with it. 

Ex. X, — On this wire I have fixed a piece of sealing-wax, 
and when I have fixed the wire into the end of the conductor, 
1 will light the wax, which, immediately the machine is 
worked, will fly off in extremely fine thread. 

Ex. XL — will now wrap some cotton-wool round one of 
the knobs of the discharging rod, and fill the wool with finely- 
bruised resin; I will discharge a Leyden jar, or a battery, in 
the common way, and the wool you will perceive instantly in a 
blaze. The covered knob must touch the knob of the jar, and 
the discharge be effected as quickly as possible. 

You will remember, that the electric fluid always takes the 
nearest direction and the best conductors to lead its course; 
in proof of which take the following experiment: — 

Ex. XII. — With this chain make a sort of W, 
let the wire w touch the outside of a charged jar, 
and the wire x be brought to the knob of the jar; 
if you are in the dark you will observe a brilliant 
W. But if the wire w is continued to «»,. the Fig. 16 . 
electric fluid will take a shorter direction to », 
and, of course, only half of the W will be seen, — ^viz., that 
part marked mzy: but if, instead of the wire u;m, a dry stick 
be employed, the electric matter will take a longer circuit, 
rather than go through a bad conductor, and the whole W will 
be illuuiinated. 

Ex. XIII. — Here is a two-ounce phial half full of salad 
oil: through the cork is passed a piece of slender wire, the 
end of which, within the phial, is so bent as to touch the glass 
just below the surface of the oiL I will now place my thumb 
opposite the point of the wire in the bottle, and in that 
position tsdce a spark from the charged conductor. You may 
observe that the spark, in order to get to my thumb, hm 
actually perforated the glass. In the same way I can make 
perforations aU round the phial. 
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Ch, Would the experim^it succeed with water instead 
of oil? 

Fd, No; it would not. 

t/a. At any rate, we see the course of the electric fluid in 
Utils experiment: for the spark comes from the conductor 
down the wire, and through the glass to the thumb. 

Fa, Its direction is, however, better shown in this way: — 

Ex. XIV. — At that end of the conductor which is farthest 
from the machine, flx a brass wire about six inches long, 
having a small brass ball on its extremity. To this bull, 
when the machine is at work, hold the flame of a wax taper. 

CA, The flame is evidently blown from the ball in the 
direction of the electric fluid: and it has a similar effect to 
the blast of a pair of bellows. 

Ex. XV. — Fix a pointed wire upon the prime conductor, 
with the point outward, and a similar wire upon the insu- 
lated rubber. — Shut the window-shutter, and work the 
machine. — Now observe the points of the two wires. 

Ja, They are both illuminated, but differently. The point 
on the conductor sends out a kind of brush of fire; but that 
on the rubber has the appearance of an illuminated star. 

Fa, You see now, then, I hope, the difference between 
positive and negative electricity. 

QUESTIONS FOB EXAMINATION. 

Does the size of the electric spark conductor? — What effect has the 
depend on the conductor? What electric fluid on a drop of water? — 
reasons are there for supposing that the What is the experiment with sealing- 
electric fluid partakes of the nature of wax ? — How is cotton-wool set on Are ? 
fire ? — Is the spark different according — What course does the electric fluid 
to the substance irom which it is taken ? always take ? — Explain this by fig. 15 . 
•— How is an ivory ball made luminous? — How is a hole made throngh a glass 
— Explain the experiment of the spiral phial? — How is the course of the fluid 
tube. — Upon what does its brilliancy shown with a lighted taper? — Explain 
dei>end ?-~ What appearances are ex- the difference between the positive and 
hibited by a wet sponge attached to a { negative electricity. 


CONVERSATION XI. 

MISCELLANEOUS EXPERIMENTS OF THE ELECTROPHOBUS — 

OP THE ELECTROMETER, AND THE THUNDER HOUSE. 

Father, I shall proceed this morning with some othesr ex- 
periments on the electrical machine. 
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£z. L^Here are two wires; one of which is eminected 
with the outside of a charged Leyden jar; the other is so bent 
as to touch the knob of the jar. The two straight ends I will 
bring witiuB the tenth of an inch of each other, and press 
tiiem down with my thumb; and having darkened the room, 
in this position 1 ynU. disctoge the jar. Now look at my 
^umb. 

Ck. It was so transpaimit that I think I even saw the bone 
of it Did it not hurt you very much, Papa? 

Fa. With attention, you might have observed the principal 
blood vessels, 1 briieve; and &e only inconvenience that I 
felt was a sort of tremor in my thumb, by no means painful. 
Had the wires been at double the distance, the shock would 
probably have passed round my thumb, which must have 
caused a more unpleasant sensation; but as 1 was so close, 
the electric fluid leaped from one wire to the other, and during 
its passage illuminated my thumb, without going through it. 

Ex. IL — If, instead of my thumbs a decanter full of water, 
having a flat l^ttom, were placed on the wires, and the dis- 
charge then made, the whole of the water would have been 
beautifully illuminated. 

Ex. HI . — This small pewter bucket is full of water; sus- 
pend it from the prime conductor, and put in a glass syphon, 
with a bore so narrow, that the water will hardly dr^ out. 
After having darkened the room, observe what will Happen 
when I work the machine. 

Ja. It runs in a full stream, or rather in several 
all of which are beautifully iUummated. 

Fa. Ex. TV. — If the knob a communicate with 
the outside of a charged Leyden jar, and the knob 
5 with the outside coating, and each be held about 
two inches from the light^ candle a?, and opposite 
to each other, the flame vrill spread towards each, 
and a discharge be made through it; this shows 
the conducting power of flame. 

This instrument, which consists of two circular 
which the hugest, b, is about fifteen inches 
in diimeter, and the other, a, fourteen inches, is 
called an electrophorus. It was invented about the 
T^BT 1774, by Professor Volta, a name well known 
from his numerous discoveries in electrical science. 


streams; 
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it takes its name from tke Gre^ electron and phero 

(fepta), I bear or cany.” The under plat^ b, is m^e of glass^ 
aolphur, pitdi, or sealing-wax, or of an j other non-conducting 
substance, such aa a mixture of pitch and chalk boiled 
.together. The up^ier plate, a, called the coyer, is sometitner 
m^e of brass, and sometimes of tin; but this is of wood, 
covered very neatly with tin-foil, and well rounded at the 
edges, to prevent the dispersion of the electricity: a is an in- 
sukting l^dle of glass, fixed to a sodLet, by wMch the upper 
plate is removed from the under one. 

Ch. What do you mean by an electrophorus? 

Fa. It is, in fact, a sort of simple electrical machine, and is 
thus used. Eub the upper surface of the lower plate, b, with 
a fine piece of new fiazmel, or fur, and when it is weU excited, 
and brought into a state negatively electrical, place upon it the 
upper plate, a, by the insulating handle, and then put your 
finger on the upper plate; next remove this plate by the glass 
handle, a, and if you apply your knuckle, or any other con- 
ductor communicating with the earth, or the knob of a coated 
jar, you will obtain a spark. This operation may be repeated 
many times without exciting again the under plate; it will 
also inflame a jet of hydrogen gas. 

Ja. Can you charge a Leyden jar in this way? 

Fa. Yes; it has b^n done, and by a single excitation, so 
as to pierce a hole through a card. 

Here is an electrometer, which is far superior 
to any yet invented; as it is capable of discovering 
the smallest quantities of electricity, a is a glass jar, 

B the cover of metal, to which are attached two pieces 
of gdd leaf ar, or two pith balls suspended on 
threads. On the sides of the glass jar are two 
narrow strips of tin-foil. 

Ch. How is this instrument used? 

Fa. Anything that is electrified is to be brought 
to the cover, winch will cause the pieces of gold leaf, or pith 
balls, to divm’ge; and the sensibilily of this instrument is so 
greats that the brush of a feather, the throwing of chalk, hair- 
powder, ^or dust, against the cap b, evinces strong signs of 
electricity. 

Ex. V. — Place on the cap b a little pewter, or any other 
metallic cop, having some water in it; then take from the fire 
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a live cinder^ and put it in the cup, and the blectricitj of 
vapour is very adi^ably exhibited. 

A thunder doud passing over this instrument will cause 
the gold leaf to strike the sides at every flash of lightning. 

Ex. Vl. — ^Excite this stick of sealing-waa^ and bring it to 
the cover b. Now observe how often it causes the gofi leaf 
to strike against the sides of the glass. 

Ja, Are the slips of tin-foil intended to carry away the 
electric fluid communicated by the objects presented to the 
cap B? 

Fa. They are; and by them the equilibrium is restored. 

QUESTIONS FOB EXAMINATION. 

How isthethumbillumftiated bythe is an electropbonis ? — Show me the 
dectrical fluid, and what may be seen construction of a greatly improred 
during the eicperimcnt ? — How is electrometer, and bow is it used ? — 
water illuminated ? ~ Explain the con- How is electricity shown by erapo- 
struction of an elec^meter. What ration? 


CONVERSATION XH. 

OF ATMOSPHERIC ELECTRICITY. 

Charles. You said yesterday, that the electrometer was 
affected by thunder and lightning. Are lightning and elec- 
tricity similar? 

Fa. They are undoubtedly the same fluid, as was dis- 
covered by Dr. Franklin more than half a century ago. 

Ja. How did he ascertain this fact? 

Fa. He was led to its theory from observing the , power 
which uninsulated points possess of drawing from bodies their 
electricity. While waiting for the erection of a spire in 
Philadelphia, to carry his ideas into execution, it occurred to 
him that a boy’s kite would answer his purpose better than a 
spire. He therefore prepared a kite, and, having raised it, 
he tied to the end of the string a silken cord, by which he 
might make the kite completely insulated. At the junction 
of the two strings he fastened a key, as a good conductor, in 
order to take sparks from it. 

Ch, Did he obtain any spai’ks? 

Fa. One cloud, which appeared like a thunder-c^id, passed 
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without any effect. Shortly after, the loose threads of the 
hempen string stood erect, in the same manner as they would 
if the string had been hung on an electrified insulated con- 
ducfbr. He then presented his knuckle to the key, and 
obtained an evident spark. Others succeeded; but when the 
rain had wetted the string, he collected the electricity very 
plentifully. 

Ja, Could I do so with our large kite? 

Fa. I should* not like you to raise your kite during a 
thunder-storm, because, without very great care, it might be 
attended with considerable danger. A celebrated electrician, 
Professor Richman, of St. Petersburg, was struck dead by a 
flash, of lightning, which he had coUecte^ from the clouds, by 
a somewhat similar apparatus. Your kite is, however, quite 
large enough; for it is four feet high, and two feet wide; but 
everything depends on the string, which, according to Mr. 
Cavallo, who has made many experiments on the subject, 
should be made of two thin threads of twine, twisted with a 
copper thread. If you are desirous of raising kites, for 
electrical purposes, I must refer you to Mr. Cavallo’s work on 
Electricity, vol. ii., in which you will find ample instruction, 

Ch. How do those conductors, which I have seen fixed to 
various buildings, operate in dispersing lightning? 

Fa. You know how easy it is to charge a Leyden jar: but 
when the machine is at work, if a person hold a point of steel, 
or other metal, near the conductor, the greater part of the 
fluid will run away by that point instead of proceeding to the 
jar. Hence it was concluded that pointed rods would draw 
away from buildings the lightning from clouds that were 
passing over them. 

Ja. Is there not a particular method of fixing them? 

Fa. Yes; the metdlic rod must reach from the ground, oi 
the nearest piece of water, to a foot or two above the building 
it is intended to protect, and should terminate in a fine point. 
Some electricians recommend that the point should be of gold, 
to prevent rusting. 

Ch. What would be the consequence if lightning were to 
strike a building which was devoid of a conductor? 

Fa. That may be best explained by telling* you wliat 
happened, many years ago, to St. Bride’s church. The 
lightning first struck the weather-cock: descending thence 
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the steefile m its pz«ogress, it beat out several large stoneiB as 
different heights; some of which fell upon the roof of the 
church, and did great damage* The mischi^ done was so 
considerable, that it became necessary to ti^ down ei^1y« 
five feet of the steeple to repair it. 

Ju. The weather-cock was probably made of iron; if so, 
why did it not act as a conductor? 

Fa. Although it was made of iron, yet it was completely 
insulated by being dxed in stone, which had become dry by 
continaed W weather. When, therefore, the lightning had 
struck the weather-cock, by endeavouring to force its way to 
another conductor, it beat down whatever opposed it. 

Ch. The power of lightning must be very great. 

Fa. It is irresistible. The following experiment will 
farther illustrate it. 

Ex. I . — X is a board representing the gable 
end of a house: it is dxed on anotl^r board b: 
ah cdis a square hole to which a piece of 
wood is fitted; ad represents a wire fixed 
diagonally on the wood abed; xb, termi- 
nated by a knob, x, represents a weather-cock, 
and the wire cz is i^ed to the board a. 

It is evident that in the state in which it is 
drawn in the figure, there is an interruption in 
the conducting rod; accordingly, if the chain m is connected 
with the outside of a Leyden phial, and that phial is dis- 
charged through ar, by bringing one part of the discharging 
rod to the knob of the Leyden phial, and the other to within 
an inch or two of x^ the piece of wood, abed, will be 
thrown out with violence. 

Ja. Are we to understand by this experiment that if the 
wire xb had been. continued to the chain, the electric fluid 
would have run along it without disturbing the loose board? 

Fa. Ex. IL — Yes: for if the piece of wood be taken out, 
and the part a be put to the pla^ b, then d will come to c, 
and the conducting rod will he complete, and continued from 
X through a and d to z; now the pMal may be discharged as 
often as you please: but the wood will remain in its place, 
because the electric fluid runs over the wire to z, and makes 
its way by the chain to the outside of the phial. 

C%. Then if x represent the weather-cock of the church, 
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tlie lightning having overcharged it, by its endeavonrs to 
reach another conductor^ as has foro^ away the stone or 
stones represented hy a dcdf 

Fa* That is what I meant to convey to your minds by the 
first experiment; and the second iUustration shows very 
clearly, that if an iron rod had gone from the weather-cock to 
the ground, without interruption, it would have conducted the 
electricity safely to the earth without doing any injury to the 
church. 

Ja, How was it that all the stones were not beaten down? 

Fa, Because, in its passage downwards, it met with many 
other conductors. I will read part of what Dr. Watson says 
on this fact, who examined it very attentiyely: — 

The lightning,” says He, ‘‘ first took a weather-cock, 
which was fixed at the top of the steeple, and was conducted 
without injuring the metal or anything else, as low as where 
the large iron bar or spindle which supported it terminated: 
there the metallic communication ceasing, part of the light- 
ning exploded, cracked, and shattered the obelisk, which ter- 
minated the spire of the steeple, in its whole diameter, and 
threw off, at that place, several large pieces of Portland stone. 
Here it likewise removed a stone from its place, but not far 
enough to be thrown down. Thence the lightning seemed to 
have rushed upon two horizontal iron bars, which were placed 
within the building across each other. At the end of one of 
, these iron bars, it exploded again, and threw off a considerable 
quantity of stone. Almost M the damage was done where 
the en<k of the iron bars had been inserted into the stone, or 
placed under it; and, in some places, its passage might be 
traced from one iron bar to another.” 

QUESTIONS FOB EXAMINATION. 

Who <BfooT«red that electricitf and ] ehvrch has been ialnred by lightning? 
lightning were the same? — How was — Explain the stmctore of the thnnder* 
this ascertained ? — Can lightning be house. — What do the experiments <m 
obtained by a kite? — In what way do it teach ? — (5ive me some account of 
ocmducton save bnildlnga fiom danger? ^ Dr. Watson's description d the iaJuzy 
— How are formed ? — What i done to St. Bride's ohnroh. 
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CONVERSATION XIH. 

ON ATMOSPHEKIO ELECTRICITY — OP THE AURORA BOREALIS—* 

OP VATBRSPOUTS AND WHIRLWINDS — OF EARTHQUAKES. 

Charles, Does tlie air always contain electricity? 

Fa. Yes; and it is owing to the electricity of the atmo- 
sphere that we observe a number of curious and interesting 
phenomena, such as the Aurora Borealis, or Northern Lights; 
Water-spouts; Hail; the Ignis Fatuus, or Will-o’-the-wisp. 

Ja. Since lofty objects are most exposed to the effects of 
lightning, or, as it is scientifically called, the electrie fluid, do 
not the tall masts of ships run considerable risk of being 
struck by it? 

Fa. Certainly: we have many instances recorded of the 
mischief done to ships by lightning: one of which is related 
in the Philosophical Transactions; it happened on board the 
Montague, on the 4th of November, 1748, in lat. 42® 48', and 
9® 3' west longitude, about noon. The master of the vessel 
looked to windward, and observed a large ball 'of blue fire, 
rolling apparently on the surface of the water, at the distance 
of three miles from them; it rose almost perpendicularly when 
it was within forty or fifty yards of the ship, and then burst 
with an explosion, as if a hundred cannons had been fired at 
one time; it left so strong a smell of sulphur, that the ship 
seemed to contain nothing else. After the noise had sub- 
sided, the main-top-mast was found shattered to pieces, and 
the mast itself was split down to the keel. Five men were 
also knocked down, and one of them greatly burnt. 

Ch. Must it not have been a very large ball to produce 
such effects? 

Fa. Yes: the person who noticed it said it appeared to 
him the size of a millstone. 

The aurora borealis is another electrical phenomenon; this 
is admitted without any hesitation, because electricians can 
readily imitate its appearance with their experiments. 

Ja. It must be, I should think, on a very small scale. 

Fa. True: there is a glass tube about thirty inches long, 
an4 tlip diameter of it is about two inches; it is nearly ex- 
hsMbed of air, and capped on both ends with brass. Connect 
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tliese ends, hj means of a cham, with the positive and nega- 
tive part of a machine, and, in a darkened room, you will See, 
when the machine is worked, all the appearances of the 
northern lights in the tube. 

CL Why is it necessary nearly to exhaust the tube? 

Fa. Because the air, in its natural state, is a very bad con- 
ductor of the electric fluid; but when it becomes considerably 
rarer than it generally is, the electric fluid darts from one cap 
to the other with the greatest velocity. 

Ja. But we see the natural Aurora Borealis also in the air. 

Fa. We do so; but it is in the higher regions of the at- 
mosphere, where the air is much rarer than it is near the 
surface of the earth. The experiment which you have just 
seen accounts for the darting and undulating motion wMch 
takes place between the opposite parts of the heavens. The 
Aurora Borealis is most brilliant in those countries which are 
in the high northern latitudes, as in Greenland and Iceland. 

The Aurora Borealis which was seen in this country on 
the 23rd of October, in the year 1804, is deserving of notice. 
At seven in the evening, a luminous arch was seen from the 
centre of London, extending from one point of the horizon, about 
S.S.W., to another point, n.n.w., and passing the middle of the 
constellation of the Great Bear, which it very much obscured. 
It appeared to consist of an illuminated vapour, rolling from 
South to North. In about half an hour its course was 
changed, and became vertical; and about nine o’clock, it ex- 
tended across the heavens from n.e. to s.w.: at intervals, the 
continuity of the luminous arch was broken, and strong flashes 
and streaks of bright red, similar to those which appear in the 
atmosphere during a great fire in any part of the metropolis, 
darted from its South-West quarter, towards the zenith. For 
several hours the atmosphere was as light in the South- We^t 
as if the sun had not set more than half an hour; and the 
light in the North resembled the strong twilight which marks 
that part of the horizon at Midsummer. 

Ja. How do you account, Papa, for the Wdl-o’-the-wisp, 
or Jack-o’-lantem, as it is sometimes called? 

Fa. This is a meteor which seldom appears more than six 
feet above the ground: it is always about bogs and swampy 
places; which, in hot sultry weather, emit an inflammable air, 
which is easily set on fire by the electric spark. These ako^ 
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as 70 a shall see in our chemical experiments, we can as readily 
imitate as the aurora borealis. In some parts of Italy^ 
meteors of this kind are frequently very large, and give a 
light equal to that of a torch. 

fVater •spouts^ too, which are sometimes seen at sea, are 
supposed to arise from the power of electricity. 

Ch. 1 have heard of these; but I thought that water-spouts 
at sea, and whirlwinds and hurricanes by land, were produced 
solely by the force of the wind. 

Fa, The wind is, undoubtedly, one of the causes; buti'; 
will not account for every appearance connected with them. 
Water -spouts are often seen in calm weather; the sea seems 
to boil, and send up a vapour which rises in the shape of a 
cone. A rumbling noise is often heard at the time of their 
appearance, which happens generally in those months that are 
peculiarly subject to thunder storms; and they are commonly 
accompanied by lightning. 

The analogy between the phenomena of water-spouts and 
electricity may be made visible by hanging a drop of water to 
a wire, communicating with the prime conductor, and placing 
a vessel of water under it. In these circumstances, the drop 
assumes all the various appearances of a water- spout, in its 
rise, form, and mode of disappeaiing. 

Water-spouts, at sea, are undoubtedly very like whirl- 
winds and hurricanes by land. These sometimes tear up 
trees, and throw down buildings, and scatter the earth, 
bricks, stones, timber, &c., to a great distance in every di- 
rection. Dr. Franklin mentions a remarkable appearance 
which occurred to Mr. Wilke, a distinguished electrician. 
On the 20 fh of July, 1758, at three o’clock in the afternoon, 
he observed a great quantity of dust rising from the ground, 
and covering a field and part of the U>wn in which he then 
was. There was no wind, and the dust moved gently towards 
the East, where there appeared a great black cloud, which 
excited Ws apparatus to a very high degree ot positive elec- 
tricity. This cloud went towards the West; the dust fol» 
low^ed it, and continued to rise higher and higher, till it com* 
posed a thick pillar, in the form of a sugar-loaf; and at length 
it seemed to be in contact with the cloud. At some distance 
from this, came another great cloud, with a long train of 
ones, which electrified his apparatus negatively; and 
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when they came near the positiTe cloud, a flash of lightning 
was seen to dart through the doud of dust; the negativo 
clouds iininediately spread and dissolved themselves in rain. 

Ch, Is rain, then, an electrical phenomenon? 

Fa. The most enlightened and best informed electricians 
consider rain, hail, ai^ snow, among the effects produced by 
the electric fluid. 

Ja, Do the negative and positive clouds act in the same 
manner as the outside and inside coatings of a charged 
^ Leyden jar? 

Fa. Thunder-clouds frequently do nothing more than con- 
duct or convey the electric matter from one part of the heavens 
to another. 

Ch. Then they maybe compared to the discharging rod? 

Fa. And perhaps, like that, they are intended to restore 
the^ equilibrium between two places, one of which has too 
much, and the other too little of the electric fluid. The fol- 
lowing is not an uncommon appearance. A dark cloud is 
observed to attract others to it, and, when grown to a con- 
siderable size, its lower surface swells in particular parts 
towards the eaith. During the time that the cloud is thus 
forming, flashes of lightning dart from one part of it to the 
' other, and often illuminate the whole mass; and small clouds 
are observed moving rapidly beneath it. When the cloud has 
acquired a sufficient extent, the lightning strikes the earth in 
two opposite places. 

Ja. I wonder the discharge does not shake the earth, as the 
charge of ajar shakes anything through which it passes. 

Fa. Every discharge' of clouds may do this, although it is 
imperceptible to us. 

Earthquakes are sometimes probably oecamoned by vast 
discharges of the electric fluid: they happen most frequently * 
in dry and hot countries, which are subject to lightning, and 
other electric phenomena; they are even foretold by the 
electric coruscations, and other appearances in the air, fot 
some days preceding the event They are usually accompa- 
nied by rain, and sometimea by ihe most dreadful thund^ 
storms* 
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QUESTIONS FOB EXAMINATION. 

What atmoBplierieal phenomena blance between water-qKmts and eleo* 
does eleotrioity aooonntfor? — Are the tricity shown ?>-> Upon what priadplee 
amets of ships ever injured by light- are rain, hail, and snow accounted for? 
ning?^ What is the aurora boroaUtf — What intenticm do thunder-douds 
— How is it imitated ?— What is the answer, and to what may they be com- 
Jaok-o*-lantem ? ^ What is the cause pared ? — What are earthqui^es ? 
of wator-spottts^*— How is the resem- 


CONVERSATION XIV. 

MEDICAL ELECTRICITY. 

Father, If you stand on the glass-legged stool, and hold 
the chain from the conductor while I work the machine a 
few minutes, your pulse will be. increased; that is, it will 
beat more frequently than it did before. From this and other 
circumstances, physicians have applied electricity to the cure 
of many disorders : in some, their endeavours have been un- 
availing; in others, the success has been very complete. 

Ch, Did they do nothing more than this ? 

Fa, Yes; in some cases they took sparks from their pa- 
tients; in others they gave them shocks. 

Ja, This would be no pleasant method of cure, if the 
shocks were violent. 

Fa, You know that, by means of Lane’s electrometer, de- 
scribed in our Seventh Conversation, (fig. 10,) the shock may 
be given as slightly as you please. 

Ch, But how are shocks conveyed through any part of the 
body? 

Fa, There are machines and apparatus made expressly for 
medical purposes; but every result maybe obtained by the 
instrument just referred to. Suppose the . electrometer to be 
fixed to a Leyden phial, and the knob at a to touch the con- 
ductor, and the knob b placed nearer or more remote, accord- 
ing as it is intended that the shocks shall be weak or strong; 
one chain or wire is to be fixed to the ring c of the electro- 
meter, and another to the outside coating: the remaining 
ends of these two wires ^e to be fastened to the twq knobs 
of the diseharging rod. 

Ja, What next is to be done; if, for instance, I wish to 
deetrify my knee? 

Fa, AH you have to do is to bring the balls of the dis 
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charging rod close to your kne^ one on tiie one side^ and the 
other on the opposite. 

Ch. And at every discharge of the Leyden jar, the super- 
abundant electricity from withinside will pass from the knob 
at A to the knob b, wd will proceed by the wire and the knee, 
in its way to the oiitside of the jar, to restore to both sides an 
equilibrium. 

Ja. But if it happen that the arm is to be electrified, how 
is that to be done? Because, in this case, 1 cannot use both 
hands in conducting the wires. 

Fa. Then you must procure the assistance of a friend, who 
will be able, by means of two instruments, called directors^ to 
conduct the fluid to any part of the body. 

Ch. What are directors? 

Fa. A director consists of a knobbed brass wire, which, by 
means of a brass cap, is cemented to a glass handle. The 
operator, holding these directors by the extremities of the glass 
handle, brings the balls, to which the wires or chains are at- 
tached, into contact with the extremities of that part of the body 
of the patient through which the shock is to be sent. If I feel 
rheumatic pains between my elbow and wrist, and a person hold 
one director at the elbow, and another at the wrist, the shocks 
will pass through, and probably will remove the complaint. 

Ja. Is it necessary to stand on the glass-footed stool to 
have this operation performed? 

Fa. By no means. When shocks are administered, the 
person who receives them may stand as he pleases, either on 
the stool or on the ground : the electric fluid, taking the 
nearest passage, will ^ways reach the other knob of the other 
director, which leads to the outside of the jar. 

Ch. Is it necessary to divest the body of its dress? 

Fa. Not in the case of shocks, unless the clothing be very 
thick : but when sparks are to be taken, then the person from 
whom they are drawn must be insulated, and the clothes 
be taken off the part affected. 

Ja. Forwhatdisordersare the shocks and sparks chiefly used? 

Fa. They have been found useful in paralytic disorders; 
in contractions of the muscles; in sprains, and in other cases; 
but great attention is necessary in regulating the force of tlm 
shock; because, instead of advantage, mischief may occur if 
it be too violent 
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(%• Is tinere kss danger with sparks ? 

Fa, Yes: for unless it be in very tender parts, as the eye, 
there is no great risk in taking sparks: and they have proved 
very e&ctnal in removing many complaints. 

The celebrated Mr. Ferguson was seized, at Bristol, with a 
violent sore throa^ so as to prevent him from swallowing any- 
thing: he caused sparks to be taken from the part affected, 
and in the course of an hour he could eat and drink without 
pain. 

This is an excellent method in some cases of deafness, ear- 
ache, toothache, &c. 

Ja, Would not strong sparks injure the ear? 

Fa, They might; and therefore the electric fluid is usually 
drawn with a pointed piece of wood connected with the prime 
ccmductor, to delicate parts, on which it comes in a gentle 
stream ; or, when sparks ore taken, a very small brass ball is 
used at some distance from the body; bemuse, in proportion 
to the size and distance of the ball, is the size and intensity 
of the spark. 

QT7ESTIONS FOB EXAMINATION. 


Hss electricity been applied to any 
important purposes In mediouie ean 
the shock be regulated and passed 
through any part of the body? — Ex- 
plain the mode of operation. — ^What 


are the directors ? — Is it necessary 
that a person should be . insulated to 
receive a shock? — For what disorders 
are shocks and sparks chiefly used ? — 
How is electricity applied to the ear? 


CONVERSATION XY. 

OF ANIMAL ELECTRICITY— OF THE TOBFEDO— OF THE 

GYMNOTUS ELSCTBICUS AND OF THE SILVRUS 

ELBCTBICUS. 

Father, There are certain kinds of fish which have been 
found to possess the singular property of giving shocks veiy 
similar to those experienced by means of the Leyden j^. 

Ch, I should like much to see them. Are they ea^y ob- 
tained? 

Fa, No; they are not: they are called the Torpedo^ the 
Gymnotus eUctricuSy the SUurtis eUctricuSy the Trichiurm 
IndicuSy and the Tetraodon electricus, 

Ja, Are they all of the same genus ? 
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Fa. : tlie torpedo is a flat flsh, a species of ray, seSdom 
found twenty inches long, and common in various parts <kF 
the sea-coast of Europe: The electric organs of this fish are 
placed on each side of the gills, where tli^y fill up the whole 
thickness of the animal, fiom the lower to the upper surface^ 
and are covered by the common skin of the body : they are 
composed of a great multitude of vertical and parallel mem- 
branous plates, arranged in longitudinal columns of various 
forms, and intersected by a loose net- work of tendinous fibres, 
which bind them together: in the midst of these, however, 
are many interstices containing some kind of fluid, and the 
whole is well supplied with blo^- vessels and nerves. It has 
been observed that the arrangement or these membranous 
plates has a very great resemblance to a vohaic battery, but 
whence the electrical properties are immediately deriv^ is 
not known. 

Ch. Can you lay hold of the fish by any other part of the 
body with impunity? 

Fa, Not altogether so: for if it be touched with one hand, 
it generally communicates a very slight shock; but if it be 
touched with both hands at the same time, one being implied 
to the under, and the other to the upper surface of the body, a 
shock will be received similar to that which is occasioned by 
the Leyden jar. 

Ja, Will not the shock be felt, if both hands be put on 
one of the electrical organs at the same time? 

Fa. No: and this shows that the upper and lower surfaces 
of the electric organs are in opposite states of electricity, 
answering to the positive and negative sides of a Leyd^ 
phial. 

Ch. Are the same substances conductors of the electric 
power of the torpedo, by which artificial electricity is con- 
ducted? 

Fa. Yefif, they are: and if the fish, instead of being touched 
by the hands, be touched by conducting substances, as metals, 
the shock will be communicated through them. The circuit 
may also be formed by several persons joining hands; and 
the shock will be felt by them all at the same time. But the 
shock will not pass where there is the smallest interruption : 
it will not even be conducted through a chain. 

Ja. Can you get sparks from it? 
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Fa. No spark was ever obtained from tbe torpedo; nor 
could electric repulsion and attraction be produced by it. 

Ch. Is it known how the power is accumulated ? 

Fa. It has been thought to depend on the will of the 
animal; for each effort is accompanied by a depression of 
its eyes; and probably it makes use of it as a means of self- 
defence. 

Ja. Is this the case also writh the other electrical fishes? 

Fa. The gymnotus possesses all the electric properties of 
the torpedo, but in a very superior degree. This fish hai^ 
been called the electrical ecly on account of its resemblance to 
the common eel. Jt is found in the large rivers of South 
America. 

Ck. Are these fishes able to injure other fishes by this 
power? 

Fa. If small fishes are put into the water in which the 
gjrmnotus is kept, it will first stun, or perhaps kill them, and 
if hungry, it will then devour them. But fishes stunned by 
the gymnotus may be recovered by speedily removing them 
into another vessel of water. 

The gymnotus is said to be possessed of a kind of sense, by 
which it knows whether bodies which are brought near him 
are conductors or not. 

Ch. Then it possesses the same knowledge by instinct 
which philosophers have gained by experiment. 

Fa. The following experiment, among others, is very^de- 
cisive on this point. ^ 

Ex. The extremities of two wires were dipped into the 
water of the vessel in which the eel was kept; they were 
then bent, extended a great way, and terminated in two sepa- 
rate glasses full of water. These wires being supported by 
non-conductors, at a considerable distance from each other, 
the circuit was incomplete: but if a person put the fingers of 
both hands into the glasses in which the wires terminated, 
then the circuit was complete. While the circuit was incom- 
plete, the fish never went near the extremities of the wires, as 
if desirous of giving the shock; but the moment the circuit 
was completed, either by a person, or any other conductor, 
the gymnotus immediately went towards the wires, and gave 
the ^ock, though the completion of the circuit was oat of his 
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Ja. How do they catch this kind of figh? The men would 
probably let them go on receiving the shock. 

Fa. The gymnotus, as well as the others, may be touched, 
without any risk of the shock, with wax or with glass; but if 
it be touched with the naked finger, a gpld ring, or metal of 
any kind, the shock is felt completely up the arm. 

Ch. Does the Sihirus eUctricus produce the same efiects as 
the other fish you have been describing? 

Fa. This fish is found in some rivers in Africa; and it is 
known to possess the property of giving the electric shock; 
but no other particulars have been recorded respecting it. 

With regard to the torpedo, its power of giving the be- 
numbing sensation was known to the ancients; and from this 
it probably took its name. In Fermin’s Natural History of 
Surinam is some account of the trembling eel^ which Dr. 
Priestley conjectures to be a difierent fish from the gymnotus. 
It lives in marshy places, whence it cannot be taken, except 
when it is intoxicated. It cannot be touched with the hand, 
or with a stick, without feeling a powerful shock ; even if 
trod upon with shoes, the legs and thighs are afiected in a 
similar manner. 


QUESTIONS FOE EXAMINATION. 

How many species of fish show signs j Docs the power seem to depend on the 
ofelectricity, and what are their names? will of the animal? — Does the gym- 
— How is the torpedo described ? — notus possess similar properties to those 
How is the shock received from this of the torpedo ? — How does the gym- 
fish? — Are the opposite electricities notus act upon other fish ? — What is 
shown by this fish? — Do the same peculiar to this fish? — Mention the 
substances conduct the e(lectricity of the experiment on this subject.— How was 
torpedo, by which artificial electricity is the property of this fish discovered ? — 
conduct^? — Does this fish give out Is there much known lof the Silurw 
the electrical spark, or exhibit the electiiciuf 
effects of attraction and repulsion? — 


CONVEESATION XVI. 

UENERAL SUMMARY OP ELECTRICITY, WITH EXPERIMENTS, 

Father. Do you now understand what electricity is ? 

Ch. Yes; it is a fiuid which seems to pervade all siibstanccsj 
and when undisturbed, it remains in a state of equilibrium. 
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Jd» And tliat certain pKnrtion which eyerj body is supposed 
to contain is called the natural share of that body. 

Fa. When a body is possessed of more, or less, than its 
natural shaie, it is said to be charged or electrified. 

Ch. If it possess more than its natural share, it is said to 
he positively electrified; but if it contain less than its natural 
share, it is said to be negatively electrified. 

Fa. What is the distinction between conductors and non- 
conductors of electricity? 

Ch. The electric fluid passes freely through the former^ 
but the latter oppose its passage. 

Fa. You know that electricity is excited in the greatest 
quantities by the rubbing of conducting and non-conducting 
substances against each other. 

Ex. Rub two pieces of sealing-wax or two pieces of glass 
together, and only a very small portion of electricity can be 
obtained: therefore the rubber of a machine should be aeon- 
ducting substance, and not insulated. 

Every electrical machine, with an insulated rubber, will act 
in three different ways: the rubber will produce negative 
electricity; the conductor will give out positive electricity; 
and it will communicate both powers at once to a person or 
substance placed between two directors connected with 
them. 

Ja. How does the rubber produce negative electricity? 

Fa. If you stand on a glass-legged stool, or upon any 
other non-conducting substance, and l^y hold of the rubber, or 
a chain communicating with it, the working of the machine 
will take away from you a quantity of your natural electricity, 
therefore you will be negatively electrified. 

Ch. Will this appear by the nature of the electric fluid, 
if I hold in my hand a steel point, as a needle? 

Fa. If you, while standing on a non-conducting substance, 
are connected with the rubber, and your brother, in a similar 
situation, is connected with the conductor, then hold points 
in your hands, and I, while standing on the ground, first 
present a brass ball, or other substance, to the needle in your 
hand, and then to that in his hand, the appearance of the 
fluid will be ‘different in both cases ; at the needle in your 
hand it will appear like a star, but at that in your brother’s 
it will be rather in the form of a brush. — ^What will happen 
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if jon bring two bodies near to each other which ire both 
elei^rified? 

Ja, If they are both positivelj or both negatively dectii* 
fied, they will repel each other; but if one is negative and 
the other positive, they will attract ea<5h other till ^ey touch, 
mid the equilibrium is again restored. 

Fa. If a body, containing only its natural share of electric 
city, be brought near to another that is electrified, what will 
be the consequence? 

Ch, A quantity of electricity will force itself through the 
air in the form of a spark. 

Fa. When two bodies approach each other, one electrified 
positively and the other negatively, the superabundant elec- 
tricity rushes violently from one to the other, to restore the 
equilibrium. What will happen if your body, or any part of 
it, form part of the circuit? 

Ja. It will produce an electric shock; and if, instead of 
one person alone, many join hands, and form a part of the 
circuit, they will all receive a shock at one and the same 
instant. 

Fa. If I throw a larger quantity of electricity than its 
natural share on one side of a piece of glass, what will happen 
to the other side? 

Ch. The other side will become negatively electrified: that 
is, it will have as much less than its natural share as the 
other has more than its natural share. 

Fa. Does electricity, communicated to glass, spread over 
the whole surface? 

Ja. No: glass being an excellent non-conductor, the 
electric fiuid will be confined to the part on which it is 
thrown: and for that reason, and in order to apply it to the 
whole surface, the glass is covered with tin-foil, which is 
called a coating. 

Fa, And if a conducting communication be made between 
both sides of the glass, what takes place then? 

Ch. A discharge ; , and this happens whether the glass be 
fiat, or of any other form. 

Fa. What do you call a cylindrical glass vessel thus 
coated for electricd purposes? 

Ja, A Leyden jar; and when the insides, and also the 
outsides of several of these jars are connected, it is called an 
electrical battery. 
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Fa. Ekctricitj, in this form, is capable of producing the 
most powerful effects; such as melting metals, firing spiriti, 
and other infiammable substances. — What effect has metallic 


points on diectricity? 

Ck. They discharge •it silently, and hence their great 
utility in defending buildings from the dangerous effects of 
lightning. — ^Pray what is thunder? 

Fa. As lightning appears to be the rapid motion of vast 
masses of electric matter, so thunder is the noise produced by 
the motion of lightning: and when electricity passes through 
the higher parts of the atmosphere, where the air is very 
much rarefied, it constitutes the aurora borealis. 

Ex. If two sharp pointed wires be bent 
with the four ends at right angles, but pointing c 

different ways, and they be made to turn upon 
a wire, fixed on the conductor, the moment * 
it is electrified, a fiame will be seen at the points 
abed; the wire will begin to turn round in the direction 
opposite to that to which the points are turned, and the mo* 
tion will become very rapid. 

If the figures of horses, cut in paper, be fastened upon these 
wires, the horses will seem to pursue one another, and this is 
called the electrical horse-race. Of course, upon this prin- 
ciple, many other amusing and*Tery beautiful experiments 
may be made : and likewise several electrical orreries have 
been contrived, showing the motions of the earth and moon, 
and planets round the sun. • 

Ja. How do you account for this? 

Fa. Fix a sharp pointed wire into the end of the large con- 
ductor, and hold your hand near it: — no sparks will ensue; 
but a cold blast will come from the point, which will turn any 
light wheels, mills, &c. 

Ch. Can the direction in which the electric matter moves 


be distinguished by the senses? " 

Fa. llie hypothesis most generally admitted on this sub- 
ject is, that electricity is a uniform fiuid, capable of being 
rarefied or condensed, and that in the common electrical 
machine it passes from the cylinder to the conductor with 
points. 

Ch. On what principles is this hypothesis founded? 

Fa. The most prevailing opinion is that if the oonductmr^ 
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which derives its electaricity from the cylinder, be made shai^ 
or angular at any part, not very near the cylinder, a diverg- 
ing cone of electric light will be seen^ the vertex of which is 
the point itself; and the electric phenomena will be much 
diminished. But the conductor which is connected with the 
rubber, though its effects be equally diminished by a similar 
circumstance, will never exhibit the cone of rays, but is only 
tipped at the point with a small globular body of light. The 
cone has been thought to resemble the rushing out or emit- 
ting of light, and the globe the appearance of the imbibing or 
entrance of the electric matter. And hence the term posU 
Hve electricity has been adopted for that of the cylinder, and 
fixative for that of the rubber. 

Ch. And are these terms universally adopted in that sense? 

Fa. 1 have so used them in the experiments mentioned in 
our Conversations; but I perceive that some writers are 
doubtful of the propriety of this application. 

Ja* If electricity be produced by the excitation of a globe 
or cylinder of sulphur or resin, will the same terms apply? 

Fa, No; in that case they will be reversed; the rubber 
will be positive, and the cylinder, with its conductor, will be • 
negative. 

The difference in most cases, it is said, arises from the rela- 
tive smoothness of the surfaces of the electric body and its 
rubber when compared with each other. Glass, made rough 
by grinding with emery, excited by flannel, is negative ; but 
with dry oiled silk, rubbed with whiting, it is positive. Even 
polished glass may be rendered negative, according to the 
same authority, by rubbing it with the hairy side of a cat’s 
skin.* 

Ch, Is air perfectly electric? 

Fa, It must not be understood to be perfectly so, but com- 
posed of non-conducting ports. It is only permeable by the 
force of the electric fluid which divides it, or separates its 
parts. When this happens to a solid electric, a hole is made 
tlmough it. Long sparks from a machine are all always 
crooked in various directions, like lightning; which effect 
seems to be caused by the electric matter passing through 
those parts of the air in which the best conductors are found. 


• NiohoboD, Nat. PhiL 
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Id respect of the electric metter, it seems.that its distribn* 
tion is general; tliat its presence (as discovered by proper 
conductors) is perpetual ; that it appc^ars to be in constant 
motion, scarcely maintaining a state of rest for even an hour; 
that all objects have their share of it; that objects affect it 
even from a distance; that when objects have too little of it, 
they attract a quantity from those which have too much, in 
order to maintain an equality; that it seems necessary to 
vitality ; that it is capable of being collected in very large 
quantities; that then it may be made to perform most, if not 
1^, the operations of common fire; and that, when collected 
in quantities, it is capable of irresistible efiects; such as 
lightning, earthquakes, Ike, 

Ch. What is the difference between Magnetism and Elec- 
tricity, Papa? 

Fa. As to Magnetism, it has of late years been found that 
it is so closely allied to Electricity, that the one never ope- 
rates without the other, and that there is no possibility of 
determining what part it takes in the connexion. 


SOini or THE X4EA]>rNO DEnHITlONS EXPLAIHEP AND ILLUSTEATED, 
WHICH IT IS BEGOMMENBED THAT THE PUPILS SHOULD COMMIT 
TO MSMOBT. 

ELECTRICITY 

I. Hie electric fluid is supposed to perrade almost all substances, and when 
undisturbed it remains in a state of equilibrium/ 

S. That portiem which eyeiy substance is supposed to contain is called its 
natural share. 

3. Its properties were first observed in amber, by Thales, six hundred years 
before the birth of Christ. 

4. They were noticed in the tourmaline by Theophrastus. 

£. Mr. Boyle is supposed to have been the first person who saw the clectrie 

ht. 

fi. Sir Isaac Kewton first observed the electrical attractions of excited plass. 

7. Bodies through which the electric fluid passes freely are called conductors. 

8. Those which oppose the passage of electricity are called elt ctrics. 

9. When a body possesses inore or len than its natural share of the electric 
fluid. It Is said to be electrified or chained. In the former case it is said to be 
podtively electrified, in the latter it is said to be negatively electrified. 

10. Electricity is excited in the greatest quantities by the friction of con- 
dnetors and electrics against each other. 

II. A body prevented from touching the earth, or communicating with it by ' 
means of glass, or other non-conducting substances, is said to be insulated. 

IS. Two bodies both positively or both negatively .electrified repel each other. 
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18. If, of two bodies electrified, the one be electrified positiTely fuid the other 
negatively, they will attract each other. 

14. Upon the principle of attraction and repulsion electrometers are formed. 

15. If a body containing only its natural share of electricity be presented suf- 
ficiently near to a body electrified either plus or minus, a quantity of the electric 
fluid will pass from the latter to the fbnner in the sliiq>e of a spark. 

16. When two electrified bodies, one plus and the other minus, approach each 
other sufficiently near, the superabundant electricity rushes violently Horn one to 
the other to restore ttM equilibrium. . 

IT. If an animal lie so placed as to fbrm part of this circuit, the electrufity, 
in passing, produces a certain effect, called an electric shock. 

18. The motion of the electric fluid in passing from a positive to a negative 
body is so rapid, that it appears to be instantaneous. 

19. When the outside of a glass jar is presented to a body electrified plus, that 
side of the jar will be electrilM minus : but the inside of the jar will be electri- 
^d plus, and vice versa. 

20. The electric fluid communicated to glass does not spread, on account of 
the non-conducting quality of glass. 

21. Electrical, or. as they are usually called, Leyden jars are partly covered with 
tln-fi[fil and partly bare : the tin-foil accelerates the communication of the riaetric 
fluid, and the bare part of the jar prevents it from passing lh>m the one side to 
the other. A jar so covered is said to be coated. 

22. If a communication by a eondneting substance be made between the inside 
and outside of a coated and charged jar, a discharge takes place. 

28. Several Leyden jars connected together both with respect to the Insides 
and outsides are called an electrical battery. 

24. Electricity by means of a battery is capable of firing inflammable sub- 
stances ; of fusing some metals, of oxidating others, and even of killing small 
animals. 

25. Metallic points attract the electric flnid from bodies, and discharge them 
silently : hence the use of conductors hi preserving buildings from the ^ects of 
hghtaing. 

26. When electricity enters a point, it appears in the form of a star; when 
it issues from a point, it puts on the form of a brush. 

27. It is demonstrated that lightning and the electric fluid are identical. 

38. Lightning may be drawn from the clouds by a common kite. 

29. Thunder Is the noise produced by the motion of lightning. 

80. When tht electric fluid passes through highly rarefied air, it constltntes 
the aurora borealis : this phenomenon may be imitated by experiment. 

3t. Earthquakes, whirlwinds, and water-spouts are probably the eflkets of 
electrical agency. 

32. The electric flnid has been ap|fiied with great sneecss to many 
cases. 

88. There are several fish that exhibit strong electrical poweia. 
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GALVANISM. 

CONVERSATION L 


OF GALVANISM. 


Father > It has been observed, as long as I can remember, 
and probably before I was born, that porter, when drunk 
from a pewter vessel, had a better flavour than when drunk 
out of glass or china. 

Ch. Yes; I have often heard my uncle say so: but what is 
the reason of it? 

Fa. Admitting the fact, which is, I believe, generally 
allowed by those who are much accustomed td that beverage; 
it is now explained upon the principle of Galvanism. 

Ja. Is Galvanism another branch of science ? Is there a 
Galvanic fluid as well as an electric fluid ? 

Fa. Of the existence of the electric fluid you now have no 
doubt: the science of electricity U)ck its name from electron^ 
the Greek word for amber, as I have before told you ; be- 
cause amber was one of the first substances observed to pro- 
duce, by rubbing, the efiects of attraction and repulsion. 
Galvanism derives its name from Dr. Galvani, a professor of 
anatomy at Bologna, who first reported to the philosophical 
world, in 1798, the experiments on which the science is 
founded. 

Ck. Pray how was he led to make the experiments? 

Fa. Galvani was one evening making some electrical ex- 
periments; and on the table, where the machine stood, were 
some skinned frogs : by accident, one of the company touched 
the main nerve of a frog, at the same moment that he took 
a considerable spark from the conductor of the electrical ma- 
chine ; and the muscles of the frog were thrown into strong 



8x:psmiscxifT8« 


545 

convulsions. These, which were observed by Gulvani’s 
wife, led the professor to a number of experiments; but as 
they cannot be repeated without much cruelty to living ani- 
mals, 1 shall not enter into a detail them. 

Ja. Were not the frogs dead which first led to the discovery? 
Fa. Yes, they were: but the professor afterwards made 
many experiments upon living ones; whence he found that 
the onvulsions, or, as they are usually called, the contrac- 
tions, produced on the frog, may be excited without the aid of 
any appa^nt electricity, merely by making a communication 
between the nerves and the muscles with substances that are 
conductors of electricity. 

Ch. Are these experiments peculiar to frogs? 

Fa. No, they have been successfully made on almost all 
kinds of animals, from the ox to the fiy. And hence it was 
at first concluded that there was an electricity peculiar to 
animals. 

Ja. You have already shown that the electric fluid exists 
in our bodies, and may be taken from them, independently of 
that which causes the contractions. 

Fa. I will show you an experiment on this subject. Here 
is a thin piece of zincy which is a metallic substance: lay it 
under your tongue, and lay this half-crown upon the tongue. 
Do you taste anytWg very peculiar in the metals? 

Ja. No, nothing at all. 

Fa. Put them in the same position again, and now bring 
the edges of the two metals into contact. 

Ja. Now they excite a very disagreeable taste, something 
like copperas. 

Fa. Listead of the half-crown, try the experiment with a 
guinea, or with a piece of charcoaL 

Ch. I perceive the same kind of taste which James de- 
scribed. How do you explain the fact? 

Fa. Some philosophers maintain that the principle of 
Galvanism and Electricity is the same; and that the former is 
the evolution or emission of the electric fluid from condttcting 
bodies, disengaged by a chemical process; while the latter is 
the same thing made apparent to the senses \>j non-conducting 
bodies. 

Ja. All metals are conducting substances: of course the 
zinc, the guinea, and the half-crown are conductors. 

N N 
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Fa, Tes; and «o are the tongue and the aaliva: and it ia 
probable tlmt, hj the decomposition of the saliva, the sharp 
taste is excited. 

Ch. The disagreeable tasteon the tongue cannot be disputed 
but there is no apparent change on the zinc or the half-crown, 
which there ought to be if a new substance, such as oxygen, 
has entered into the combination. 

Fa, The change is, perhaps, too small to be perceived in 
this experiment; but in others, on a larger scale, it will be 
veiy evident to the sight, by the oxidation of the metals. 

Ja, Here is another strange word. 1 do not know what 
is meant by oxidation. 

Fa, The iron bars fixed before the window were clean and 
almost bright when placed there last summer. 

Ja, But not having been painted, they are become quite 
rusty. 

Fa, Now, in chemical language, the iron is said to be oxi- 
dated instead of rusty; and the earthy substance t.hat may be 
scraped from them is denominated the oxide of iron. 

When mercury loses its fine brightness by being long ex- 
posed to the air, the dulness is occasioned by oxidation; that 
is, the same effect is produced by the air on the mercury, as 
was on the iron. I will give you another instance. I will 
melt some lead in this ladle. You see a scum is speedily 
formed. I take it away, and another will arise, and so per- 
petually, till the whole lead is thus transformed into an ap- 
parently different substance. Tlys is called the oxide of lead, 
and is formed by the union of the oxygen of the air with the 
melted metal. 


QUESTI017S FOB EXAMINATION. 

How is the fact explained, that stances ? — How is the principle of 
porter if better tasted when drunk Galvanism explained ? — What su^ 
ftom pewter than glass?— -Can you stances are those that conduct the Gal- 
give some account of the rise and pro- vanic fluid? — How is the taste ex- 
gress Galvanism ? — Can the expe- died by Galvanism accounted for ? — 
riments on Galvanism be made on 'In this case what change does the metal 
animals generally? — What/. expert- | undergo? — What do you mean by 
ment is made with the zinc and silver? | oxidation? — Illustrate this in tha 
—Can it be made with other sub- { case of mercury and lead. 
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CONVERSATION IL 

GALVAMIC OR VOLTAIC LIGHT, AND SHOCKS. 

Charlei, We had a taiU of the Galvanic fluid yesterday. 
Is there no way of seeing it? 

Fa. Put this piece of zinc between the upper lip and the 
gums, as high as you can, and thenlay a half-crown or guinea 
upon the tongue, and, w^n so situated, bring the metals into 
contact. 

C%. I thought I saw a faint flash of light. 

Fa. I dare say you did. It was for that purpose I wished 
* you to make the experiment. It may be done in another 
way; by putting a piece of silver up one of the nostrils, and 
the zinc on the upper part of the tongue, and then bringing 
the metals in contact, the same effect will be produced. 

Ja. By continuing the contact of the two metals, the ap- 
pearance of light does not remain. 

Fa. No; it is visible only at the moment of contact. Yon 
may, if you make the experiment with great attention, put a 
small slip of tin -foil over the ball of one eye; and hold a tea- 
spoon in your mouth, and when the spoon and the tin come in 
contact a faint light will be visible. These experiments are 
best performed in the dark. 

Ch. Are there no means of making experiments on a larger 
scale? 

Fa. Yes; we have Galvanic batteries, as well as 
electrical batteries. Here is one of them. It con- 
sists of a number of pieces of silver, zinc, and flannel, 
of equal sizes, and they are thus arranged: — a 
piece of zinc, a piece of silver, and a piece of flannel, 
moistened with a solution of salt in water; and so 
on, till the pile is completed. To prevent the pieces 
fixrni falling, they are supported on the sides by three 
rods of glass stuck into a piece of wood; and down 
these rods slides another piece of wood, which keeps 
all the pieces in close contact. 

Ja. How do you moke use of this instrument? 

Fa. Touch the lower piece of metal with one hand, and 
the upper one with the other. 

N n2 


UJ 


C 


= ' 
= 


TPig. U 



548 


GALVANISM. 


Ja. I felt an electric shock. 

Fa. And you may take as many as you please; for as often 
as you renefw’ the contact, so often will you feel the shock. 

Here is a different apparatus. In 
these three glasses (and I might use 
twenty instead of three) is a solution of rffj r\^ 

salt and water. Into each glass, except VCHJ 
the two outer ones, is plunged a small Fig. 2. 

plate of zinc, and another of silver. 

These plates are made to communicate with each other by 
means of a thin wire, fastened so that the silver of the first 
glass is connected with the zinc of the second; the silver of the 
second with the zinc of the third; and so on. Now, if you dip 
one hand into the first glass, and the other into the last, the 
shock will be felt. 

CA, Will any kind of glasses answer for this experiment? 

Fa. Yes: wine-glasses, or goblets, or finger-glasses; and 
even china cups. 

A third kind of battery, which is very powerful, and the one 
that is very frequently used, is this: — It consists of a trough 
of baked wood, three inches deep, and about the same in 
breadth. In the sides of this trough are grooves opposite to 



each other, and about a quarter of an inch asunder. Into 
each pair of these grooves is put a plate of zinc, and another 
of silver, which are cemented in such a manner as to prevent 
any communication between the difierent cells. The cells are 
now filled with a solution of salt and water, and the battery 
is complete. Now with your hands make a communication 
between the two end-cells. 

CA. I felt a strong shock. 

jFIqk Now wet your hands, and join your left with James’s 
right hand; then put your right hand into a cell at one en^ 
Gud let James put his left into the opposite one. 
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Ja, We both fslt the shock like an dectric shocks but not 
so severe. 

Feu Several persons may receive the shock together, by 
joining hands, if their hands are well moistened with water 
The strength of the shock is much diminished by passing 
through so long a circuit. The shock from a battery con- 
sisting of fifty or sixty pairs of zinc and silver, or zinc and 
copper, may be felt as high as the elbows. And if five or six 
such batteries be united with metal cramps, the combined force 
of the shock would be such that few would willingly take it a 
second time. 

Ch, Of what use are the wires at each end of the trough? 

Fa, With these a variety of experiments may be made upon 
combustible bodies. 1 will show you one with gunpowder: 
but I must have recourse to four troughs united by cramps, 
or to one much larger than this. 

Towards the ends of the wires are two pieces of glass tubes. 
These are for the operator to hold by, while he directs the 
wires. Suppose, now, four or more troughs to be united, 
and the wire to be at the two extremities; I put some gun- 
powder on a piece of fiat glass, and then holding the wires by 
the glass tubes, 1 bring the ends of them to the gunpowder; 
and, just before they touch, the gunpowder will be ignited. 

Instead of gunpowder, gold and silver leaf may be burnt 
in this way: ether, spirits of wine, and other infiammable 
substances, are easily fired by the Galvanic battery, which 
will consume even small metallic wires. 

Copper or brass leaf, commonly called Dutch gold, bums 
with a beautiful green light; silver with a pole blue light, and 
gold with a yellowish green light. 

Ja, Will the battery continue to act any great length of time? 

Fa, The action of all these kinds of batteries is the strongest 
when they are first filled with the fluid; and it declines in 
proportion as the metals are oxidated, or the fluid loses its 
power. Of course, after a certain time, the fluid must be 
changed and the metals cleaned, either with sand, or by im- 
mersing them for a short time in diluted muriatic add. The 
best fluid to fill the cells with, is water mixed with one tenth 
of nitric acid. Care must always be taken to wipe quite dry 
the edges of the plates, to prevent a communication between 
the ceSs: and it will be found, that the energy of the battery 
is in proportion to the rapidity with which the zinc is oxidated. 
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Under the term Gralvaiiism are often included the pheno- 
mena of the Voltaic battery. 

QUESTIONS EOR EXAMINATION. 


How can the Galvanic fluid oe made 
Visible ?— Can you explain the strne- 
tne and use of the Galvanic battery ? 
•— How is it made to operate ? — Ex- 
plain<the use of the glasses represented 
by fig. 2. — Can the Galvanic shock be 
made to pan through several persons. 


and by what means? — In what way 
are metallic wires flised by Galvanism ? 
How is gunpowder inflamed by it ? 
Can other substances be melted? — 
Under what circumstances does the 
Galvanic battery act the best ? 


CONVERSATION IIL 

GALVANIC CONDUCTORS — CIRCLES TABLES EXPERIMENTS. 

. Father. You know that conductors of the electric fluid 
differ from each other in their conducting power. 

Ch. Yes: the metals are the most- perfect conductors; then 
charcoal; afterwards water and other fluids. 

Fa. In Galvanism we call the former dry and perfect con- 
ductors; these are the first class: the lattey, or* second class, 
imperfect conductors: and in rendering the Galvanic power 
sensible, the combination must consist of three conductors of 
the difierent classes. 

Ja. Do you mean two of the first class, and one of the 
second? 

•Fa. When two of these bodies are of the first class, and 
one is of the second, the combination is said to be of the first 
order. - 

Ch. The large battery, therefore, which you used yester- 
day was of the first order ; because there were two metals— 
viz., zinc and silver, and one fluid. 

Fa. This is called a simple CMvanic circle: the two 
metals touched each other in some points; and at other points 
they were connected by the fluid, which was of the different 
class. 

Ja. Will you give us an example of the second order? 

Fa. When a person drinks porter from a pewter vessel, the 
moisture of his under lip is one conductor of the second class; 
the porter is the other; and the metal is the third body, or 
conductor of the flrst class. 

Ch. Which are the most powerful Galvanic circles? 

. Fa. They are those of the flrst order, where two solids of 
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differeiit degrees oxidabilitj are oomHiied with a duid 
capable of oxidating at least one of the solids. Thus gold, 
silver, and water, do not fcum an active Galvanic circle, birt 
it wrli become active if a littk nitric acid, or any fluid deoom- 
posible by silver, be mixed with the water. An active Gkd- 
vanic circle is formed of zinc, silver, and water, because the 
zinc is oxidated by water. But a little nitric acid, added to 
the water, rend^s the eombinatiozi still more active, as the 
acid acts upon the silver and the zinc. 

The most powerful Galvanic combinations of the second 
order are, where two ccmductors of the second class have 
different chemical actions on the conductors of the first class, 
at the same time that they act upon each other. Thus, copper, 
silver, or lead, with a solution of an alkaline sulphuret and 
diluted nitric acid, form a very active Galvanic circle. 

I will now show you another experiment, which is to be 
made with the assistance of the great battery. 

A B exhibits a glass tube fllled with distilled, water, and 
having a cork at each end. a and b are two pieces 
of brass wire, which are brought to within an inch or 
two of one another in the tube, and the other ends are 
carried to the battery — ^viz., a to what is called the , 
positive end, and b to the negative end. 

Ja, You have, then, positive and negative Gidvan- 
ism, as well as electricity? 

Fa, Yes; and if the circuit be interrupted, the pro- 
cess will not go on. But if all things as 1 have 
just described, you will see a constant stream of bub- Fig. 
bles of gas proceed frcan the wire b, which will ascend 
to the upper part of the tube. This gas is found to be hy- 
drogen or inflammable air. 

Ch, How is that ascertained? / 

Fa, By bringing a candle close to the opening, when I 
take out the cork a, the gas will immediately ignite, The 
bubbles which proceed from the wire a are oxygen: they 
accumulate and stick about the sides of the tube. 

Ja, How is this experiment explained? 

Fa. The water is decomposed into hydrogen and oxygen: 
the hydrogen is separated from the water by the wire cwi- 
nected with the negative extremity, while the oxygen unites 
with and oxidates the wire connected with the positiTe «pd ^ 
the battery. 
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If I connect the positive end of the battery with the lower 
wire, and the negative with the upper, thbn the hydrogen 
proceeds from the upper wire, and the lower wire is oxidated. 

If wires of gold or platina be used, which are not oxidizable, 
then a stream of gas issues from each, which may be collected, 
and will be found to be a mixture of hydrogen and oxygen. 

CA. Are there no means of collecting these fluids 6q[>arately ? 

Fa. Yes: instead of making use of the tube, 
let the extremities of the wires which proceed 
from the battery he immersed in water, at the 
distance of an inch from each other: then sus- 
pend over each a glass vessel, inverted and full 
of water, and the different kinds of gas will be 
found in the two glasses. 

It is known that hydrogen gas reduces the oxides of metals; 
that is, restores them to their metallic state. If, therefore, the 
tube (fig. 4) be filled with a solution of acetate of lead* in dis- 
tilled water, and a communication is made with the battery, no 
gas ie^rceived to issue from the wire, which proceeds from the 
negative end of the battery; but in a few minutes beautiful 
metallic needles may be seen on the extremity of the wire. 

Ja. Is this the lead separated from the fluid? 

Fa. It is: and you perceive it in a perfect metallic state, 
and very brilliant. Let the operation proceed, and these 
needles will assume the form of a fern, or some other vegetable. 

Ch. Gan other metals be separated in this way ? 

Fa. They can, and a knowledge of this fact has become of 
vast importance in the arts. For b^ attaching objects of any 
kind which are conductors of electricity to the negative wire, 
they will become coated with the metal. In this manner 
most of our forks, spoons, and various other articles, are 
plated, or coated with a thin layer of silver or gold. Medals, 
seals, plaster of Paris casts, and various other articles, 
may be copied by this process, which is called Electrotype 
or Electroplating. The object to be coated, is first clean^ 
then plac^ in a vessel containing a solution of sulphate 
of copper, being supported in it upon a flat fold of the 
wire coming frotn the negative plate of such a battery as 
that figured at page 548. All those parts which are not 
to be coated, must be covered with wax, varnish, or some 
other non-oondueting substance. The wire connected with 
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the positive pol^ is attached to a plate of copper or a piece 
of platinum foil, whicb is also immersed in the solntioa 
of copper* When the coating of copper thrown down upon 
the medal has acquired sufficient thickness, it may be sepa- 
rated from the medal, and will be found to present an 
exact copy of it, even the most delicate lines being perfectly 
distinct.. 

If the objects are to be coated with silver or gold, a solu- 
tion of these metals must of course be substituted for the 
copper. 

Ch, But supposing I wished to copy a plaster of Paris 
cast, or a seal, how should I then proceed ? 

Fa. Simply by rubbing the object with i^wd^jsceidL black 
lead ; this will render it a conductor of electricity. 


QUESTIONS FOB EXAMINATION. 


Into whftt dagfleg are oonduetorg of 
Galvanism divided ^To make a com- 
plete combination, how many con- 
dttctorg must there be?— When ig the 
Galvanic combinhtion said to be of the 
flrgt order? — What ig meant by a 
aimple Galvanic circle ?— •niustrate by 
an example what is meant by a com- 
bination of the second order. — Which 


—Describe the experiment exhibited 
by fig. 4. — ^How is it accounted for?— 
What circamstanoe oconrs if wires not 
oxidizable are used ? — ^How are the two 
gases obtained separately ? — What 
effect has hydrogen gas on the oxides 
of metals? — What experiment is there 
in proof of this? — What is meant by 
electrotype ? — How is electroplating 
accomplished? 


are the most powerful Galvanic circles? 

* Aioetate of lead is asolution of oxide of lead in acetic add. 


CONVERSATION IV. 

MISCELLANEOUS EZPEBIMENTS, 

Fa^er. The discoveries of Galvani were made principaHy 
with dead frogs. From his experiments, and many others 
that have been made since his time, it appears that the nerve$ 
of animals may be affected by very small quantities of elec- 
tricily. Hence limbs of animals, properly prepared, have 
been sonx^imes employed for detecting currents of Galvanic 
electricity. 

Ck, What is the method of preparation? 

Fa. I have been cautious in mentioning experiments on 
animals, lest they should lead yon to trifle with their sufferings. 
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The masolw of a frog lately dead, and tinned, may be 
brought into action hy means of reiy small quantities of 
common €de(^aricity. 

If the leg of a frog recently dead be prepared^ (that is, 
separated from the rest of the body,) having a smi^ portion 
of the spine attached to it, and so situated that a little elec^ 
tricity may pass through it, the leg will be instantly affected 
with a kii^ of spasmodic contraction, scanetimes so strong as 
to cause it to leap to a considerable distance. 

Similar effects may be produced in the limb thus prepared, 
by only making a oommunicati<Hi between the nerves and 
the muscles by a conducting substance. Thus, in an animal 
recently dead, if a nerve be detached from the surrounding 
parts; and. the musdes exposed which depend on that nerve; 
and a piece of metal wire touch the nerve with one extremity, 
and the muscle with the other, the limb will be convulsed. 

Ch, Is it necessary that the communication between the 
nerve and the muscle should be made with a conducting sub- 
stance ? 

Fa, Yes: for if sealing-wax, or glass, &c., be used instead 
of metals, no motion will be produced. 

If part of the nerve of a prepared limb be wrapped ^ip in 
a slip of tin-foil, or be laid on a piece of zinc, and a piece of 
silver be laid with one end upon the muscle, and the other on 
the tin or zinc, the motion of the limb will be very violent. 

Here are two wine-glasses almost full of water; and so 
near to each other as barely not to touch : I will put the 
pared limb of the frog into ope glass, and lay the nerve, 
which is wrapped up in tin-foil, over the edges of the two 
glasses, so that the tin may touch the water of the glass in 
which the limb is not. If I now form a metallic communi- 
cation between the water in the two glasses, as by a pair of 
sugar tongs, or put the fingers of one hand into the water of 
the glass that contains the leg, and hold a piece of silver in 
the other, so as to touch the coating of the nerves with it, the 
limb will be immediately excited : and sometimes, when the 
experiment is well made, the leg will even jump out of the 
glass. 

Ja. It is very surprising that such motions should be pro- 
duced in dead animals. 

Fa, They may be exdted also in living ones. If a live 
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frog be plac^ on a plate of zmc, having a slip of tin-foil upon 
its back, and a communication be made betwemi the zinc and 
tin-foil, by a piece of metal, the same kind of contractions 
will take place. 

Ch. Can this experiment be made without injury to the 
animal ? 

Fa. Yes : and so may the following: — Take a live flounder 
and dry it with a doth, and then pnt it in a pewter fflate, or 
upon a large piece of tin-foil, and place a piece of silver on its 
back : now n^e a communication between the metals with 
any conducting substance, and you will soon see the con-» 
tractions and the contortions of the flsh. 

Place this leech on a crown piece, and then, in its endea- 
trour to move away, let it touch a piece of zinc with its mouth, 
and you will see it instantly recoil, as if in great pain : the 
same thing may be done with a worm. 

It is believed that all animals, whether small or great, may 
be affected, in some such manner, by Galvanism, though in 
different degrees. 

By the knowledge already obtained in this science, the fol- 
lowing effects are readily explained. 

Pure mercury retains its metallic *splendour daring a long 
time; but its amalgam is soon tarnished or oxidated. 

Ancient inscriptions, engraved upon pure lead, are pre- 
served to this day; whereas some medals composed of lead 
and tin of no great antiquity, are very much corroded. 

Works of metal, the parts of which are soldered together 
by other metals, soon oxidize about the parts where the dif* 
ferent metals are joined; and there are persons who profess 
to find out seams in brass and copper vessels by the tongue, 
which the eye cannot discover; and who can, by this method, 
distinguish the base mixtures which abound in gold and 
silver trinkets. 

When the copper sheathing of ships is fastened on by means 
of iron nails, those nails, and particularly the copper itself, are 
very quickly corroded about the place of contact. 

A piece of zinc may be kept in water a long time, without 
scarcely oxidating at all ; but the oxidation takes place very 
soon if a piece of silver touch the zinc while remaining in the 
water. 

If a cup made of ziuo or tin be filled with water, and placed 
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upon a sUmr witter* and tip of the tongue be appli<4 
the water* it is found to be insipid; but if the wi(iter be held 
in the hand* which is well moistened with water* and the 
tongue applied as before* an acid taste will be perceived* 

Ch, Xs that owing to the circuit being made complete by 
the wet hand? 

Fa. It is. Another experiment of a similar kind is the fol* 
lowixig: — a tin basin he filled with soap-suds* lime-water* 
or a strong ley* and then the basin be held in both hands* 
moistened with pure water, while the tongue is applied to the 
fiuid in the basin* an acid taste will be sensibly perceived* 
though the liquor is alkaline. 

From this short account of Galvanism it may be inferred: — 

1. That it appears to be only another mode of exciting 
dectricity. 

2. Galvanic electricity is produced by the chemical action 
of bodies upon each other. 

3. The oxidation of metals appears to produce it in great 
quantities. 

4. Galvanic electricity can be made to set infiammable 
substances on fire* to oxidize and even inflame metals. 

The nerves of animals are easily affected by it. 

6. Galvanic electricity is conducted by the same substances 
as common electricity. 

7. When it is made to pass through an animal* it produces 
a sensation resembling the electrical shock. 

It must also be recollected that electricities* from whatever 
source derived* are identicaL They differ merely in what is 
called their tension and quantity. You may readily under- 
stand what is meant by their tension ; for if I charge a small 
Leyden jar with a certain amount of electricity* and then 
charge one twice as large with the same amount* on dis- 
charging each* the spark will be very much greater in the 
former than in the latter* on account of its being distributed 
over a much smaller surface. In galvanic electricity we have 
great quantity* but little tension ; in frictional electrici^ we 
have great tension* but little quantity. 

QUESTIONS FOR EXAMINATION. 

Wlit ptttB of the animal are roost — Are conducting substanees seces- 
affeoted by the electric fluid ? — How sary for these experiments I— Tell me 
p^tellmbiof animabsil^^ the method of making an experiment 







of thii kM^How miij liTisg mi* 
M a frogt or a flonndor. be ezcdted 
by Galvanie experimentf?— Why is 
aiii;i1gaiii soon oxidated ?^WtU Gal< 
vaniem aoooont for the preaerration of 
ancient inaorlptions upon p^ metals, 
while those on mixed metals are 
quickly corroded ?->- How have some 
‘persons pretended to find out the seams 
in brass and copper vessels ? — Why is 
the copper sheathing on ships so soon 
corroded?— Under what circumstances 


ia sine fsietklr oxidiaed?— What ex* 
peiiment is made with acnpeoB^osed 
of tin and zinc?— What is that made 
with soap-suds?— What is Galvanism? 
—How is the Oalvsnio eleetridty pro- 
duced?— What yields this fluid in 
great quantities ? — What poweiftal 
eifects does it produce?— What parts 
of animals are chiefly affected by Gal- 
vanism ? — By what substances is this 
fluid conducted?— How does it afl^ 
the animal frame ? 


ELECTRO-MAGNETISM. 

Oh, Will you tell me, papa, something about electro-mag* 
Betism ? 

Fa. With pleasure ; the subject is a most interesting one^ 
and has found most extensive and important application. 
You will appreciate this remark when 1 tell you that upon 
the pnnciples of electro-magnetism is based the wonderful 
Electric Telegraph; it may also be applied to clocks, and 
would undoubtedly come into competition with steam, as an 
agent for setting machinery in motion, if the production of 
the electric current did not involve such expense. I will 
hrst show you how to magnetise a body by an electric cur- 
rent. If you wind a length of copper wire several times 
around a pencil or a rod of any kind, thus making a coil such 
as you have seen attached to the 1^11 in the kitchen, next 
place a needle or piece of steel inside the coil, and then pass 
a current of electricity either from the electric machine or a 
galvanic battery through the coiled wire, you will convert 
the needle or the piece of steel into a magnet. ^ 

Ch. Will the needle, when taken out of the coil, affect 
the compass, or point to the north ? 

Fa. It will, if it consist of steel, but not if composed of 
soft iron ; for the latter will not retain magnetism, as you 
know, whilst steel will do so. 

Ch. Can you affect a compass needle by a current of elec- 
tricity passed through a wire, without the presence of another 
needle capable of being magnetised ? 

Fa. You can. If you hold a compass needle above or 
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beneath, but parallel to, a straight horizontal wire forming 
one of the of a battery, you will hnd the needle is 

moTed out of its course. But you will see this better by 
winding some copper wire into a flat coil, and arranging this 
as shown in the Sgore. Upon delicately balancing a magnet* 
ised needle within the coil, giving the coil a gplar direction, 
and then passing an electric current through the latter, the 
needle will be still more turned froin its natural 
position, or deflected, as it is called. This most 
interesting experiment was first made by Pro- 
fessor Oersted, of Copenhagen, and forms the principle of 
electro-magnetism. 

Ch, Does not the electricity run through the portions of 
the copper wire which are in contact ? 

Fa. They do, and it is an important point to take care that 
the wire be spun round or covered with cotton, otherwise the 
electricity will not pass through the whole length of the wire. 

Ck. Gan 1 make a large magnet in this way ? 

Fa. You can. If a large bar of soft iron be bent into the 
shape of a horseshoe, and some of the covered wire be 
wound many times around it, upon passing a current of gal- 
vanic electricity through the wire, the horse-shoe will become 
an immensely powerful magnet; if the battery be at all 
strong, it may be made to support some hundred-weights, 
nay^ even tons. The horse-shoe, however, loses its magnet- 
ism directly the current is broken, and the weight previously 
supported falls off. 

Ch. I do not find that the coil of copper wire has retained 
its magnetism. 

Fa. Certainly not: but a delicate coil, such as that in 
which we first placed the needle, will itself take the direction 
of a magnet if carefully pois^, so as to be able to move 
freely, but this only so long as it is traversed by the current ; 
and if two coils of this kind be approximated, they will 
attract and repel each other like common magnets. 

Ch. But how is the magnetism, in these cases, produced 
by the electricity ? 

Fa. It arises from what has been called induction. You 
have seen that an electric current is, in certain eases, accom-' 
panied with magnetic currents ; but the fact is applicable to 
riectric currents in general— 'Wherever an eiectric current 
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ewtSp there are magaetie currents ahio* The dooe ooii'* 
nezioa betwe^ eleotrkitjandmagnetismhas long been known: 
thus, that the magnetism of a compass-needle in a ship has 
been deranged or disturbed by a flash of lightning or during 
a stmrm, has been pointed out many years ago ; and the most 
plausible explanation that has yet been given of these pheno- 
mena is, that^every particle of a magnet is surrounded by an 
electric current in a constant state of circulation, whilst in 
unmagnetiaed iron the electricity exists also, but in a quies- 
cent state. Upon approximating a piece of iron <h* steel to a 
magnet, <nr exposing it to the action of a current of electricity, 
the electric equilibrium is disturbed, the above minute cur- 
rents are set in motion, or induced, and thus exhibit visible 
effects. You recollect that the magnetic force acts in a direc- 
tion at right angles to the current in the conducting wire ; 1 
must also tell you, that in accordance with the above view, 
the directions of the currents surrounding the two poles of a 
magnet are different. 

Ch, But can electric currents be caused by magnetism ? 

Fa. They can. If a bar magnet be inserted in a coil of 
covered wire, such as we have dluded to, a current of elec- 
tricity will be set in motion, and on withdrawing the magnet 
another current will move in the opposite direction. This is 
called magneto-electricity; and by somewhat varying the 
form of the apparatus, by making larger coils rotate rapidly 
near the poles of a large magnet, powerful currents of elec- 
tricity, capable of exhibiting all the ordinary effects, may be 
produced. The next time we go to the Polytechnic Institu- 
tion I will shw you Clark’s magneto-electric machine, which 
is a very powerful instrument of this kind. 

Ch. But 1 have had a very strong shock fbmn an apparatus 
(Consisting of two coils of wire. 

Fa. I have no doubt. Seoemdary or induced currents may 
be set in motion in another way. When a current of elec- 
tricity traverses a wire, if another wire be placed parallel 
with this, a new current will be set up taking an opposite 
direction to the former, and as soon as the primary or first 
current in the first wire is interrupted, by breaking the 
contact with the battery, the direction of a secondary current 
in the wire is reversed. These secemdary or induced cur- 
rents, which are very powerful if large coils of wire be used^ 
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will give a strong diode even when the battery is not strong. 
But you must recollect that induced currents may be set up, 
oven if the wire through which the primary current its^ 
passes be coiled, because here again we have the wires or 
rather the coiled portions running parallel — the requisite 
condition for the production of secondary currents. 

Ch. 1 recollect when I had my shock that it was much 
stronger when the bar of iron was inserted. 

Fa, Certainly. The bar is itself, as I have already shown 
you, capable of exciting currents, which, in addition to those 
existing without it, must augment the intensity of the secon* 
dary currents. By these currents all the ordinary effects of 
electricity may be produced, sparks, the decomposition of 
water, &:c., and as this is the kind of electricity generally 
used now for medical purposes, I shall show you how the ap- 
paratus is arranged. It also illustrates very beautifully 
several points to which I have alluded, f represents a wooden 



2^1, upon which two coils of wire are wound. The first 
coil, which is called the primary coil, takes rather a circuitous 
course, but which is essential to be clearly understood. It 
commences at the binding-screw is wound around the reel, 
and, leaving this, follows the course of the dotted line beneath 
the stand to reach the right-hand column, to the bottom of which 
it is soldered. Another portion of the same wire is soldered to 
the bottom of the other column next the reel; it then passes 
to the horse-shoe, is wound around this, and leaving it, passes 
directly to the binding-screw a. The other, or secondaiy 
coil, is composed of much thinner wire, and is considerably 
longer. Its ends pass directly from the reel to the binding* 
screws d, e. There is a keeper to the horse-shoe, connect^ 
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to the column by a flat piece of steel, and the point of the 
screw* Cf rests upon this. Now when the poles of the battery 
are connected with the two ends of the primary coil, by 
insertion in the binding-screws a, 5, the current of electricity 
follows the course of the dotted line, and on passing through 
the coil surrounding the horse-shoe, it converts this into a 
temporary magnet, which consequently attracts the keeper, 
and withdraws it from contact with the point of the screw e, 

' Thus the course of the current is interrupted, whereby the 
horse-shoe loses its magnetism, and ceasing to attract the 
keeper, this is carried back by the steel spring, until the latter 
again comes into contact with c, when the current is again 
transmitted. Each time the passage of the primary current 
is interrupted, a secondary current is transmitted through 
the secondary coil; and if two wires with handles be inserted 
in the binding-screws d, e, a shock is experienced every time 
the connexion is broken. The centre of the reel is hollow, 
and contains a bundle of iron wires, by the removal or inser- 
tion of which, the strength of the shock may be diminished 
or increased at pleasure. 

CL Can the magnetism of the earth be accounted for by 
electricity ? 

Fa. You have anticipated me in this very sensible ques- 
tion. For the most plausible explanation that can be given 
of the magnetism of our earth consists in attributing it to 
this cause ; and we have suflicient evidence of the existence 
of electric currents circulating around the earth, to account 
for it. You know that the sun, in its diurnal motion, follows 
the ecliptic, which does not coincide with the equator, as we 
have already seen. Now it will not appear to you improbable 
that the sun in its course, by unequally heating the earth’s 
surface, will disturb the electric equilibrium, and various 
electric currents will be produced mainly in the direction 6f 
the ecliptic. Hence we see that the magnetic equilibrium 
must also be disturbed, and magnetic currents be dso set in 
motion, the magnetic force acting at right angles to the elec- 
tric currents. 

CA. Could I then make a globe showing the manner in 
which the magnetism of the earth is product? 

Fa. You can. By coiling covert copper wire around ft 
wooden sphere, and connecting the ends of the coil with the 

o o 
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poles of a battery, on applying a delicately sapported little 
magnet to various parts of the sphere, the variations of the 
needle and its dip will be found to coincide with those 
occurring upon the earth. 


QUESTIONS FOE EXAMINATION. 


How may a body be magnetiaed by 
electricity? — What is the difference 
between a piece of steel and of soft 
iron when thus magnetiaed ?— Show me 
that a magnetic needle can be deflected 
by the poles of a battery, and explain 
the meaning of deflection ? — Wliat is 
the nse of covering conducting wires 
with cotton?-— How would you convert 
a large bar of soft iron into a temporary 
magnet?— How can a coll of copper 
wire be made to assume a polar direc- 


tion ?— What is the meaning of indue- 
lion? — How can electric enrrents be 
caused by magnetism? — What is mag- 
neto-electridty ? — What is meant by a 
secondary coil ; also, a secondary cur- 
rent ? — Explain the action of the ap- 
paratus figured at page 560 ?— How can 
the magnetism of the earth be ex- 
plained ? — How would you construct a 
^lobe representing the earth, and 
capable of exhibiting its magnetism 
and polarity? 


ON DIAMAGNETISM. 

Fa, I shall now say a few words to you in regard to dia- 
magnetism ; a new magnetic property of bodies which was 
discovered by Dr. Faraday in 1845. 

Ch, How does diamagnetism differ from magnetism ? 

Fa, You recollect my showing you how an electro*magnet, 
like a common load-stone or magnet, attracted magnetic 
bodies ; just the opposite occurs when diamagnetic substances 
are presented to an electro-magnet, for they are all repelled 
by it, and it appears that almost all bodies are either mag- 
netic or diamagnetic. ‘ 

Ch, Will you mention some diamagnetic substances, papa ? 

Fa, Bismuth, antimony, tin, phosphorus, and flint glass, 
are strong bodies of this class; whilst water, ether, and 
spirit, possess the property to a less degree ; and it has been 
found, that by mixing magnetic with diamagnetic bodies, 
their distinctive properties may be neutralized. 

As this most interesting subject is still undergoing inves- 
tigation, I shall postpone, for the present, attempting to give 
you any explanation of the phenomena. 

QUESTIONS FOE EXAMINATION. 

Huwfloet dlamagnetiam difflsir from magnetiim?— Mention some diamaf- 
aetic mbstonoesf 



MS 


ON THE DOUBLE REFRACTION AND 
POLARIZATION OF LIGHT. 


Fa, In Conversation HI., vre considered the ordinary 
refraction of light, and the laws to which it is subject. But 
in passing through many bodies, light suffers a further 
change than that merely of direction, being split or Operated 
into two equal rays, or doubly refracted, as it is called. 

C%. How can we see this ? 


Fa, It is most readily seen in a crystal of calcareous spar. 
This beautiful mineral crystallizes in obtuse rhomboids ; and 
if we take one of them, and look through it at a piece of 
black paper with a hole in it, we shall see two holes instead 
of one ; or if the crystal be placed over some print, two seljB 
of letters ivill be seen, instead of the single set seen wh^n 
print is looked at through glass. Thus, the pencil of rays of 
light admitted through the hole in the paper is 
resolved into two other pencils, one of w'hich follows 
the ordinary coarse, and is called the ordinary 
ray ; the other takes a different course, and is called / ifjl 
the extraordinary ray. This is represented in 
figure, in which r represents the light as it is entering the 
crystal, o the ordinary, and e the extraordinary ray. 

Ch, Is this effect produced in whatever direction we look 
through the crystal ? 

Fa, No. In all doubly refracting bodies, there are one or 
more directions in which there is no double refraction. 


Crystals in which only one such direction exists are said to 
have one axis of double refraction $ those in which two exist, 


two axes, and so on. 

Ch, Is the light altered in mj way by this curious doable 
refraction ? 


Fa, It is ; and the two rays possess very remarkable pro^ 
parties. Thus, if they be viewed through a second crystal of 
ealoareous spar, placed in exactly the same manner as the 
first, but above it, they will both be distinct ; but on turning 
the second crystal round between the finger and thumb, the 
two rays which were at first visible will gradually dieappem^ 
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and two others will come into view. On continuing the 
rotation of the second crjstal, the two last produced will also 
disappear^ and the two first be again seen. This disappear* 
ance and reappearance is found to take place at each quarter 
of a revolution of the second crystal 

C/i. What is light thus altered called? 

Fa* It is said to be polarized i having, as it were, acquired 
ddes, the opposite properties of the different sides being sup* 
posed to bear some analogy to the opposite properties of the 
different poles of a magnet. According to the undulatory 
theory, ibe particles of polarized light are supposed to undu- 
late in one plane ; whilst, in common light, the planes of 
undulation are in all directions. 

Ch. Can light be polarized by any other means than 
passing through calcareous spar ? 

Fa, Yes ; by refiection from the surface of bodies at the 
proper angle, which varies according to the nature of the 
bodies ; aUo by refraction through plates of glass. Some 
bodies doubly refract and polarize light, but absmrb one set 
of the rays. A very useful body of this kind is the mineral 
called tourmaline; and thin slices of this, cut parallel to 
the axis or length of the crystal, are very frequently used for 
polarizing light. 

C%. How does the hole in the paper appear through a 
plate of tourmaline? 

Fa. We see only one image of it ; and on turning round 
the plate in the same manner as we did the second crystal of 
calcareous spar, one of the images vanishes at each quarter 
of a revolution. 

Ch, And how do substances produce this polarization of 
the rays of light? 

Fa, The intimate nature of the process is unknown, but 
ft maybe represented by supposing — as in the tourmaline, for 
instance— the existence of a structure which would act like a 
grating, as at ft, fig. 3 . When the plane in which the undu- 
lationa move is parallel to the direction of the bars of the 
grating, the ra^ will pass ; but when it is not, they will be 
^stnicted in their passage. Now, supposing the dots to re* 
present the particles of light moving in the Fig. t. 
plane 09 on presenting these to the tourma- (TTrrrTTTnmt} 
lii»% the rays will pass through it; but on 
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rotating the tonrmsdiney they will be (^tmcteflt NoW| in 
doablj refracted light both the rajs are 
polarized, bat the undulations are in planes 
at right angles to each other as in fig. 2, 
so that one set only will pass through the 
crystal at each quaiier of a revolution. 

I have heard of colours being produced by polarised 
light : how is this donel 

Fa. Colours are seen when doubly-refracting crystals or 
substances are placed between the two crystals of cricareoua 
spar, or two plates of tourmaline ; and these colours are of 
the most beautiful and vivid kind ; but the manner in whidh 
they are produced is difficult to be understood, and will re* 
quire your greatest attention. In all experiments with 
polarized light, the first doubly-refracting or polarizing 
crystal — ^that placed beneath the body to pr^uce the colour 
— is called the polarizer, because it polarizes the light ; whilst 
the other crystal or plate of tourmaline is called the analyzer, 
because it analyzes or tests the light as polarized by the first. * 
Now let us take a tourmaline, a thin plate of selenite, or any 
other doubly-refracting crystalline substance, and a crystu 
of calcareous spar as an analyzer. On bolding these to the 
light, the plate of selenite presents the most gorgeous colours^ 
which vary with each quarter revelation of the analyzer, the 
colours seen during one quarter of a revcfiution being complex 
mentary to those of the next ; and I must tell you, that by 
complementary colours is signified such as are required to be 
mixed with any other colour to convert such colour inte 
white ; thus, red is complementary to green, yellow to deep 
violet-blue, fim. The accompanyii^ diagram exhiUitB the 

Fig. S. 


Fig.t. 




various crystals, and gives a notion of the changes undergone 
by the light, a represents a ray of light entering^ 6, t^ 
polarizer, by which it is polarized, or all thow undolatkniB In 
it which are not in one plane obstructed ; it passes on to 
the plate of srienite, which doubly refracts this polarised 
light — 1 . e., it resolves it into* two sets of rays, the ordinary 
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iad BXtraordhiisrjy o and b, polarized in planes at r%ht angles 
to each other. Now the extraordinary rays take a longer 
course in the plate than the ordinary; and on their emer- 
gence, the undulations do not coincide, or are not in the same 
state of vibration, one set being half an undulation behind the 
other. On entering the analyzer, each of these sets is 
. re8(dvcd into two others, making four in all, which are 
in two planes — e. c., two in one plane, and, two in another ; 
and as the vibrations or undulations in the same plane do not 
ootncide, one set having been retarded, the undulations 
interfere and produce colour, as we explained in a former 
conversation. If the analyzer be, as we have supposed, a 
crystal of calcareous spar, both sets of colours which are 
complementary to each other will be seen at the same time, 
and will vary as the analyzer is rotated; whilst, if the 
analyzer consist of a tourmaline, the complementary tints will 
be seen singly and alternately as the rotation is made. The 
colours produced will vary according to the thickness of the 
plate, but they must always be complementary. 

If a section of any doubly-refracting crystal, made at right 
angles to ita refractive axis or axes, be substituted for the plate 
cf selenite, a black cross and one or more sets of coloured rings 
will be seen, presenting a niost beautiful appearance, the black 
cross arising from the light not being doubly refracted at this 
part ; and as the analyzer is rotated, the cross will become 
white for the same reason. 

The phenomena presented by the action of polarized 
Hght upon bodies are of the most interesting kind; the 
beauty and variety of the tints, the regularity of their 
zirangemeat around the axes of crystals, and the changes 
they undergo, are such as to render this the most inte- 
resting branch of optics. 

i^QUESTIONS FOB EXAMINATION. 

What is meant by doable rcfft-actlon ? larising light, besides double refraction ? 
—How may this be shown? — What is —Give me an idea of the action of the 
meant bf an axie of double refractioB ? (ournialine upon polarised light !^How 
—What is meant by polarized light ? are colours produced by polarized light f 
—How oin you show Uiat light is — What is meant by a polarizer, and 
polarized f— What is the difference as aa analyzer ?— What is meant by com* 
rwards the planes of undulation, be- plementary colour ? — Explain the dif- 
tHreen common and polarized light ? — fereace between an ordinaiy and os- 
What othar methods are there of po- traordinaiy ray? 



ADDITIONAL CONVERSATION. 

REGENT BISCOVERXES. 

Fa, Before we part this evening, I propose to notice a few 
Subjects which are either comparatively new, or have become 
important from their novel application to the arts of life. 
I may first enumerate them : they are, the Rotation of the 
Earth as shown by the pendulum, the Screw-propeller, the 
Electric Telegraph, the Aneroid Barometer, and the Stereo- 
scope. 

Ch, I shall be delighted to hear your explanations, father \ 
for I have heard a great deal about the screw-propeller, and 
the electric telegraph, and have seen the stereoscope, but 
have failed to understand the principles upon which they 
act. 

Fa, Well, we will consider them in order, and begin with 
the Rotation of the Earth. 

Ch, 1, recollect your telling us that the earth performed 
two motions of rotation, one upon its axis, and called the 
diurnal motion or rotation ; the other around the sun, called 
its annual motion, and giving rise to the seasons. 

Fa, True ; but the rotation I now wish to speak of is the 
former, or the diurnal rotation of the earth upon its axis, 
producing day and night. You will remember that the evi- 
dence of this rested principally upon the apparent motion of 
the sun and stars. But a novel experiment has been devised 
by M. Foucault, a French philosopher, showing this rota- 
tion by means of a pendulum. This consists of a metallic 
ball suspended from the ceiling of a high room ; and the success 
of the experiment depends upon the fact that on moving the 
point of suspension of a vibrating pendulum, the direction of 
its motion is not interfered with. When the pendulum is 
made to vibrate in the meridian, if a line be di*awn upon the 
floor so as to coincide with this direction, in a short time the 
direction of the vibrating pendulum will be found not to 
coincide as it did at first with the line, but to form an angle 
with it. The reason of this is, that during the con- 
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tinuance of the vibration of the pendulum, the earth has 
rotated 'beneath it, carrying with it the line, and so as it were, 
left the pendulum behind. # 

Ch. This is, indeed, a very ingenious and conclusive expe-* 
riment. 

Will yod next tell us about the Screw-propeller, of which 
we have heard so much lately. Are not the war-ships now 
provided with this contrivance ? 

Fa, They are so, and perhaps one of the most important 
uses of the screw is for war-ships, because it is not exposed 
to the shot of the enemy. 

Ch, Where is the screw placed? I saw a screw -steamer 
in the Thames one day, but 1 could not perceive the 
means by which it was moved, for there were no paddle- 
wheels. 

Fa. The screw is situated in a quadrangular o^^ening 
between the lower and fore part of the 
rudder and the lower and back part of 
the keel, so that it is invisible when 
the ship is in the water. It lies hori- 
zontally, or nearly so, and parallel 
with the keel of the ship. The form 
of screw used is not always the same. 

The simplest is that of an ordinary 
screw, with a very broad thread. 

This form, however, is not often used 
now ; hut one in which the broad thread is cut away, except- 
ing two or sometimes three radial portions, as they might be 
called ; and the correspondence of the^e portions, which are 
called blades, with parts of a screw might be easily over- 
looked. 

Ch, But how does the screw act, and by what is it moved ? 

Fa, The source of motion is a steam-engine, which rotates 
with rapidity the axis or cylinder of the screw ; the tendency 
of this rotation is to drive the water backward^ and in con- 
sequence of the con'esponding reaction, to urge forwards the 
screw and the vessel, which may he considered as one* 
When the screw revolves in the opposite direction, so as to 
tend to drive the water forwards, the boat will he urged 
backwards. 

Ch, The third subject on your list is the Electric Tele-* 
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^aph# I recollect your telliug me that the principles up<m 
which the electric telegraph was based were those of electro* 
magnetism, hot I cannot comprehend how words can be 
conveyed by electro-magnetism, or by wires. 

Fa, 1 dare say not ; but 1 think this difficulty may soon be 
got over. It need scarcely be told you that the wires merely 
convey an electric current, and not sounds. The words are 
conveyed by signs mutually agreed upon before-hand by the 
persons stationed at each end of the wires ; these signs 
consist of deflexions of a magnetic needle produced by the 
electric current. 

Ch, I begin now to have some idea of the manner in 
which the communication might take place. For it is evi- 
dent that if each letter of the alphabet were signified by a 
certain number of deflections of the needle, there would be 
no difficulty in the matter. 

Fa, You are quite correct; and the plan you have 
suggested is that usually adopted. But the process has been 
much simplified and abbreviated by attention to certain 
circumstances. Thus, the deflection of a magnetic needle 
varies according to the direction in which the current of 
electricity passes through the coil of wire, and by changing 
this direction, the needle may be deflected to the right or the 
left at will. Hence, two distinct signs may be made with a 
single needle. Again, by using a number of needles and 
wires, which can be worked simultaneously, the communica* 
tion is still farther simplified. 

Ch, Are there then half as many needles in use as there 
are connecting wires ? 

Fa, No ; the returning electric current is conveyed 1^ the 
earth, which has been found to answer the purpose sufficiently 
well, so that each of the wires which you see on the side Of a 
railway belongs to a single needle. 

Ch, But how are the currents conveyed across the sea ? 

Fa, By wires, as on the land. The great difficulty to ^ 
overcome consisted in insulating the wires when immersed in 
SO good a conductor as water. This has been efiected by 
enclosing them in tubes made of gutta percha, which is a very 
bad conductor of electricity, and possesses the valuable pro* 
perty of being easily moulded or its surfaces united by 
means of heat. Long tubes of this substance enclosing tho 
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wires ftfe laid «poii tlie bottom of the sea, and extend from 
one telegraph-station to the next. 

Ck, Then 1 suppose that the pieces of glass and earthenware 
by which the wires are supported upon the poles at the side 
of the railway-lines also act as insulators. 

Fa. Exactly so ; if these were absent, when the poles 
became wet, the electric current would descend the poles, and 
return by the earth, and so the communication with the dis« 
tant station would be interrupted. 

C%. But it must be very fatiguing for any one tc sit and 
watch constantly whether the needle or index hand of the 
telegraph moves or not. 

Fa, This would certainly form a difficulty ; for whilst the 
attention of the telegraph-worker were withdrawn for even 
a short period, several of the signals, denoting letters and 
words, might have been made and not seen. This is obviated 
by the attention being drawn when the signals are about to 
be made by the ringing of a little bell, which is instantly 
heard by an attendant. 

Ch, But how is this effected ? 

Fa, By means of an electro-magnet. I told you in a 
former Conversation, that a piece of soft iron surrounded by 
a coil of wire through which a current of electricity is passed, 
becomes temporarily magnetic ; hence, if the piece of iron 
were in the form of a common horse'sboe magnet, for instance, 
and the keeper were connected with a little bell, either by 
means of a lever or in some other way, as soon as the current 
was transmitted through the wire the magnet would attract 
the keeper and set tlie bell in motion. As soon as the 
worker of the telegraph has heard the bell, and is ready to 
attend to the signals, he rings by the same means at the dis- 
tant station to signify that this is the case. Various 
modifications of the electric telegraph are in use at 
difierent places, to enter into which, we have not at present 
time ; but 1 hope enough has been said to render intelligible 
to you the general principles upon which they are based. 

Ch. WiU you now explain to me the manner in which the 
Stereoscope produces such remarkably deceptive appearances, 
for they seem to me very puzzling ? 

Fa. Certainly ; and in so doing I must recal to your 
mind what I said in a former Conversation regarding the 
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manner in which the interpretations of the impressions made 
upon the eye are controlled by experience ; and when this 
experience has not been obtained^ the simple sense of sight 
m veiy deceptive as to the form and distance of objects. 8o 
much so, that in certain instances which have occurred of 
persons born blind, and whose sight has been subsequently 
restored when their reason has become matured, the most 
erroneous ides^ have been entertained as to the form and dis- 
tance of objects ; thus, the latter, although distant, have 
appeared to be close to the eye, and it was found impossible 
to decide whether the sense of touch or of sight was to be 
trusted in determining the form of objects. And in certain 
engravings in which the shadows which would have been 
formed by the figures were very exactly represented, the 
idea has been conveyed to the mind that these figures were 
really solid ; a fallacy only to be detected by the sense of 
touch. 

In the stereoscope which we are considering, the fallacy is 
connected with the judgment formed from the perspective 
view of objects. When we look at any solid body with each 
eye separately, «.e., closing one with the finger, then closing 
the other while the first eye remains open, two distinct per- 
spective views of the object are obtained. Thus in the 
instance of the cube represented below, Fig. 1 would repre- 



rig. 1. Fig. 2. 

sent the view as seen with the left eye only open, and Fig. 2, 
that with the right eye open. Now under ordinary circum- 
stances, these two images of the cube being seen simulta** 
neou8ly,and depicted uponoon*esponding parts of the retinae of 
the two eyes, the idea conveyed to the mind is that of a single 
object ; and as previous experience has taught us that all 
single objects which present two perspective views are solid,, 
we naturally conclude that the cube is sotlid, even without 
taking it into our hands. 

. It is evident, however, that the two drawings of the cube 
do not appear to the eye as a solid body, although they 
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clearly present the proper perspective views ; and this be- 
cause the two perspective views do not appear to emanate 
from one object^ the rays from' each figure impinging upon 
different parts of each retina^ as if from two different ob- 
jects or bodies. 

But when the drawings are viewed through the stereoscope^ 
the rays, a, proceeding from each 
drawing are refracted outwards, 
at the same angle as each set of 
rays would have formed had they 
proceeded from a single object, d, 
placed in the centre of the box. 

Hence we obtain the requisite con- 
ditions for the production of the 
impression upon the mind of the 
existence of a single solid object, 
t.e., two perspective views appa- 
rently emanating from one object, and impinging upon 
corresponding parts of the retinae of the two eyes. 

Ch, But how is this refraction outwards produced? 

Fa, By two slightly magnifying lenses, inclined outwards, 
and situated one in each eye-piece at b b. 

Ch, Then if I were to turn round either of the eye^pieces, 
I should lose the solid appearance of the figures ? 

Fa, Certainly ; and you would see two distinct plane or 
fiat figures, for the reason stated above. 

Ch, The stereoscope then shows a use of our having two 
eyes instead of one which never occurred to me ; and I sup- 
pose that a man who had lost the sight of one eye would be 
unable to distinguish whether an object were solid or not ? 

Fa. To such a man, solid objects would doubtless not 
appear to be so, J)ut by changing the position of his head 
would easily obtain two perspective views, and so migizt 
include as to the solidity of a body. 

Ch, Wonld it be possible to reflect the images of two 
plane figures in such manner as to make them represent a 
single solid body ? 

Fa, Certainly ; I omitted to tell you that the stereoscope 
mentioned above, containing the lenses, is called the Lenti** 
cular, or Befracting Stereoscope ; but tte first one made was 
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upon the reflecting principle, and is called the Beflecting 
Stereoscope. 

Fa. The Aneroid Barometer was invented by M. Yidi, of 
Paris ; and although it is not bo perfect a philosophical 
instrument as the mercurial barometer, yet it possesses the 
great advantage of extreme portability, for it is not more 
than about five inches in diameter, and two in thickness. In 
form it resembles a watch of the above dimensions. Upon 
its face is a curved graduated scale, the degrees of 
which correspond to the altitude in inches and fractional 
parts of the mercurial barometer; a thermometer is also 
aflSxed to the face, and the indications are made by an arrow- 
shaped hand. 

Ch. 1 think then 1 have seen the aneroid barometer in a 
shop-window, with the case made of brass. 

Fa. Yery probably, for they are everywhere to be seen 
in London. Inside the case is' a circular flat metallic box, 
of about two-thirds the size of the outer case, the front and 
back surfaces of which are corrugated, so as to render them 
flexible and elastic. The air is exhausted from this box, which 
is afterwards hermetically sealed. The box is firmly fixed 
in the case, and to its front surface one end of a broad lever 
is connected by a socket, whilst the other end of the lever 
rests upon a spiral spring, which by resisting to a certain 
extent the pressure of the lever, keeps the surfaces of the 
box in a state of tension. By means of another lever and a 
chain, the movements of the first lever are transferred to the 
hand, which indicates them upon the scale, 

Ch^ Do you think then that the aneroid will supersede the 
mercurial barometer ? 

Fa. Most probably not, because the small movements 
required to be indicated by the barometer must, to a certain 
extent, be interfered with by transference through a system 
of levers ; although some careful researches b^ Mr. Belville, 
of the Royal Observatory, have shown that this result occurs 
to a considerably less extent than might have been antici- 
pated* 
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Aberration of Lights 

Abeorb, to drink in, to snek np. 

Acceleration^ an increase in the ri^iidity 
of ffic motion of a moving body. 

AchrotncUiemt 466. 

Action and re-aMoUy equal and oontraiy, 
p. 51. Curious instance of. 62. 

Adhesiout a sticking together. 

Air, a fluid, the pressure of which is veiy 
great, its nature and uses, 288. Its 
pressure, experiments on, 295<~806. 
Its weight, how proved, 806. Its elas- 
ticity, 308 — 318. Its compression, 
8 14—817. ^'ecessary to sound. 828. 

Air-gun, structure oi, explained. 821. 

Air-pump, described, 291. Its structuxe 
explained, 292. Experiments on, 394, 
298—320. 

Alcohol, a spirit or essence: in modem 
ohemititry signifying pure si^t oi 
wine as oHained by distillation. It 
is the intoxicating pritaciple of flsr- 
xnented and spirituous liquors. 

Alktdine, having the properties an 
alkali, as soda. 

Altitudet, measured by theharometer, 867. 

Anatnorphoeet, distort Images of bodies, 
485. 

Ancients, their mode of describing the 
constellations, 10 1. 

Angle, what it is, 4. How explained, ih. 
Right, obtuse, acute, i6. How defined, 5. 

AnimaU, all kinds of, affected by Gal- 
vanism, 554. 

Aperture, a small hole. 

Aphelion, that pointof theorbitof aplanot 
which is the farthest flrom the sun. 

Apogee, that point of the moon’s orUt 
which is at the greatest distanee from 
theeaitii. 


Aquafortis, of what composed, 9. 

Archimedes proposed to move tb 3 Msvth, 
55. Some account of. 253. His in- 
ventikms, i5. His burning mirron^ 
424. 

Arrow, to find the height to which it 
ascends, 82. 

Atmoephere, height cA, . Pressure o4 
on the earth, 869. The efUect 408, 
416. Light refracted by, 417. 

A^adtAon, a name given to tliat tesH 
dency whkb bodies have to approach 
or unite with each other. Gravity is 
a species of attraction. 

Attraction, capillary, what is meant by» 
17. Illustrated, ib. 

Attractims and Aepnlsion, electric^, 487. 

- magnetic, 474. 

Aurora Sorealis, vulgarly called the 
Northern Lights. Its use in the 
Northern pans of the globe, 166. 
Imitated, 528. A curious one de- 
scribed, 529. 


Balance, hydrostatic, described, 245. 

Baksnees, false, how detected, 64. 

Balt, why easily rolled, 86. Seioptrie, 
its effect, 418. 

Awoewferexplained, 806, and 863 — 870. 
Its constructiem, 368. Standard alti- 
tude of, 864. Variation of, 865. To 
measure altitudes with, 867. 

Battery, electrical, described, 511. Ex- 
periments on, 513. Voltaic battery* 
547. 

BeOews, hydrostatic, 221. 

Birds, how they support themselves in 
the air, 46. 

Bissestile, the nseaning of the wor^ lid* 
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hoavenlf t why they more ia a 
onired path, 47. The latitude of^ 118. ' 
Elastic and non-elastic, illustrative of 
the third law of motion, 51. Weight 
oC diminished as the distance fh)m the 
centre of the earth is increased, 21. 
Their vis .inertias, 42. Falling, the 
law of their velocity, 82. How to 
insulate, 494. Sonorous, elastic, 827. 

JSody, moving one, what compels it to 
stop, 42. 

Jfov^s, Mr., first saw the electrical light* 
485. 

Bride't (St.) church, damaged by light- 
ning, 526. 

Bucket^ how suspended on the edge of a 
table, 40. 

M., his experiments, 428. 

BuUeUt le^en, how made to cohere, 14. 

Burning Lmuet^ 406. 

Camera Obeeurot 466. 

Cannon^ the sound of, 828. 

CapUla/iyAthracHtmt fiuids atta'acted above 
their level by tubes of small diameter,17. 

Cardinal Point$, how distinguished, 101, 

Caioptrict, the science of refiected light. 

Cavallo, Mr., his electrical experiments, 
525. 

CemenUt 18. 

Centre of Gravity, the point of a body, on 
which, when suspended, it will rest, 
35. Between the earth and sim, 182. 


Otining, apparatus for, referred to, 85. 

Cuioure, the cause of, 418. From inter- 
ference, ib. Complementary, 566. 

Comete, in what respects they resemble 
planets, 188. The heat of one calcu- 
lated, ib. Theory respecting, 185. 
Farts of comets, ib. 

Cnnpreision, the act of squeesing together. 

Concave Leneee. 414. 

Mirrors, 406, 425. Experiment 

with two, 484* 

UnAensation, the act of bringing the 
parts of matter togetlier. 

Conductors, electrical, what meant by, 
488. Table of, 490. Galvanic, 550. 
Perfect and imperfect, ib. 

Cuite, double, why it rolls up an inclined 
plane, 40. 

tiiff/uncAbntplanetswheniu; moon when 
in, 151. 

Contact, touching. 

Converge, to draw towards a point. 

Convex Mirrors, 480, 482. 

Cookery, some operations of, how ac- 
counted for, 15. 

Crane, the principles of a, 70. One in- 
vented by Mr. White, 72. l>istiller*s, 
described, 270. 

Cupping, the operation of, explained, 812. 

Cups, hemispherical, experiments on, 
808. 

Cylinder, how made to roll up a hill, 40. 


How applicable to the common ao* , Baguerreolype, 467. 
tions of life, 85, 1 Dancers, rope or wire, how they balance 

Centrifugal Force is that tendency which themselves, 89. 

causes the parte of a body, moving Dancing Figures, electrical, 501. 
round a centre, to recede ftom it. ; Wronomical, when begins, 111. 
Thus, if water be thrown on a wheel { xhe difference between tbe solar and 
in motion, it will fly off. i sidereal, 143. 

is that force which draws | Day and Night, how explained, 127. 
a body towards a centre, and thereby , Day* and why of different lengthy 

acts as a counterpoise to the centii- Xo whom ^ways equal, 135. 

fhgal force in circular motion, Gra- Deception, optical. 96. In feeling, ib. 
vity is a centripetal force, preventing Deceptions on the public, by short 
the planets from flying off in a tan- weights, how detected, 68. Occasioned 

gent, as tbe stone from a sling. by swift motions, 124. <)ptical, 400, 

Circles, Galvanic, described, 550. First 408 , 488. 
order, «5. Second order, t5. The most Dedination of the sun, 111. Of ths 
powerfhl, ib. nioon, ib. % 

Clepsydra, principle of. explained, 281. Defection of Magnet, 568. 

Clocks and Dials, why they do not agree De^ees, how subdivided. 109. 

in the measure of time, 112, 148. Density, compactness. Constitutes epe* 
Chasn-pump, 284. clflo gravity, 241. 

Cta^'^attraotloncftlS. Howdeto Pw^onolis a straight line, drawn through 
•5. Ihstanoea, 14. Its fbrce, tb. How n figure from one comer to another, 
•moome, ib, Instanees of, ib. 
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A fbur-Bided figure hu two diameters* 
which* when at right angles* are equal. 

Diamagnetunh 562. 

Digester used for making soups, 16. 

Dipping of the needle of the compass* 481. 

Dhectiont line of, how defined, 85. Must 
be within the base of a body that 
stands secure* ib. 

Discharging~rodf 510. 

Distance, measured by sound* 880. 

Dwet'*s Bell described. 278. How used 
275. Accidents with, 276. Smeaton’s 
improyements on, ib. Walker’s im- 
provements on, 277. Anecdote of* 278. 

Diverge, to spread out. 

Double Refraction, 556. 

Drowning, the danger of, to inexperi- 
enced persons, 265. 

Earth, centre of, why bodies move to it* 
22. Why not apparently moved* 26. 
Its shape, 29. Its diurnal motion, 
128. The velocity of its motion* 
126. When its motion is quickest, 
145. No argument against its motion* 
because not apparent 125. Its mag- 
nitude* 126. Its globular figure* 118. 
How proved* ib. Its poles, what, 121. 
Its axis, 122. Its annual motion, 181. 
Nearer the sun in winter, 187. Its 
rotation, the most uniform motion in 
nature, 142. A satellite to the moon, 
154. 

Earthquakes, 531. 

Echa, the nature of, explained, 336. 
Gi^ous ones noticed, 840. Applied 
to the measuring of distances* ib. 

Eclipse, an occultation of the sun. or 
moon. 

Eclipses, the cause of, explained, 155. 
Total, of the sun, very rare, 158. An- 
nular, ib. Account of one seen in 
Portugal, ib. Supposed to be omens 
of calamity, ib. 

EeUpUc, the earth’s annual path round 
the heavens. How described. 106. 
How to trace the, ib. 

J^ueia, fine particles that fiy off from 
various bodies. 

EUutieity is that quality of a substance* 
whether solid or flui<£ by which* after 
being either forcibly compressed or 
expanded* it re-assumes its former 
condition. What meant by, 20. 

Sleetrie, what meant by, 485. Light, by i 
whom first seen, t5. Table of electrics* 
490. I 

2 P 


Eieetrio Spark, 518. 

Eleetrieal Discharger, 510. 

-^Experitnents, 507, 519, 522. 

- Machine, 491. 

Electricity, history of, 485. Attraction, 
electrical, when first noticed* ib. The 
two kinds, 497. Attraction and re- 
pulsion, 498. Atmospheric, 524. Me 
dical* 582. Animal, 584. 

Ekctro^magnetism, 557. 

Electrometer, 504. Lane’s, 511. Qua 
drant, the use of, 512. Another 
kind, 522. 

Electrophorus, 522. 

Electrotype, 552. 

Electro-plating, 558. 

EolianHarp, structure of* explainedl, 842 

Ephemeris, an almanac. Whlte*A OK 
plained* 108. 

Equator, how described, 106. 

Equation of Time, 88. 

Equinoctial, what meant by, 106. 

Eye, the several parts of, 486. 

Fahrenheit's Thermometer, 872. 

Feathers, eleotrifled*their appearance, 500 

Fire Engines described, and the principle 
of them explained* 288. 

Fish, how they swim, 289. Air-vessel 
of, its uses, 290. Electric, 504. 

Flannel, a conductor of sound, 824. 

Flea, circulation of the blood of a, 18. 

Flood-gates, why made very thick, 282. 

Flowers, colours of, 420. 

Fluids and Solids, how distinguished, 200 
Particles of, exceedingly small, 201 
Incapable of compression, 202. 

Fluids press equally in all directions, 207 
incompressible, 208. Air, compression 
of, ib. Weight and pressure of, ex- 
periments on, 209. Lateral pressure 
of, 2 1 4 . Difference between the weight 
and pressure of* 228. Motion of, 229. 
Experiments on the light and heavy, 
258. Specific gravity of, differs ac- 
cording to the degrees of heat and 
cold, 232. 

Foctu, 405. Imaginary or vertical, of a 
concave lens* 410. Of a double convex 
ditto, 411. 

Force, centrifhgal, what meant by* 47. 

Forcing-pump, 282. 

Fountain, in vacuo, 304. Artificial* 816 

Fountains, the principle of* exjdained* 

280 . 

Franklin (Dr.;* discovers that lightning 
and electricity are the same, 524. 
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Frietion is the rubbing or grating of the 
surfaces of bodies against each other. 
In meohanles, it is the great impedi- 
ment to perpetual motion, as the wear 
produced tberebf becomes a retarding 
force. Must be allowed for in me- 
(dianica, 77. 

FrogMt experiments on. 653. 

Faforum. the prop or centre on which a 
lever turns. What meant by, 60. 


Gahjani (Dr.), his discoveries, 544. Ex- 
periments on fh)gs, 544 and 553. 
Galvanic Batteries, how formed, 547. 
Shock, 648. 

Galvanism, what it is, 544. From what 
it derived its name, ib. The same as 

. electricity, 646. Made apparent to 
the senses, 647. Positive and nega- 
tive, 661. Summary of, 555. 

Garden engines, described, 283. 

Gas is an old Teutonic word, equivalent 
to the Greek irveufj,a, air or spirit, and 
has been adopted by modem chemists 
to dc?note permanent aeriform (or air- 
like) fluids generally, fbr the purpose of 
distinguishing them more clearly ftom 
common air. Gases are distinguished 
flrom liquids by the name of elastic I 
fluids; while liquids are termed non- 
elastic, because they have, compata- | 
tively, no elasticity. Gases retain 
their elasticity in all temperatures, 
and in this they dilTer from vapours. 
Hydrogen, how procured, 651. How 
0 (^ected, 562. 

Gauge, a measure. 

Geocentric place of a planet, what meant 
by, 176. Longitude, ib. 

Glebe, the great part of its surface water. 
346. A representation of the earth, 
122 . 

Glue, fat what used, 18. 

Gravity is a name ^ven to that tendency 
which bodies have to fall to the earth, 
or ratiier towards its centre. The ab- 
stract power, or unknown cause, by 
which this action is produced, is termed 
gravitation, and is supposed to act 
throughout nature; so tiiat all bodies, 
as well as their separate particles, 
have a tendency to approach each 
other, in proportion to their masses, 
but lessening in force, as the distance 
between their respe^ve centres is 


increased. Centre of, what meanft Igr, 
86. How found, i5. Acts upon all 
bodies, 22. The law of, 82 and 86: 
Illustrated, 28 aud 82. 

Gravitation, attraction of, d^ed, 2L 
Instances of, ib. By this Ibrce, bodies 
tend to the centre of the earth, 22. 
Gregory (Pope), rectifies the Julian year 
147. 

Guinea, spedfle gravity of, 245. 
Gunpoteder, how fired by Yoltaism, 642, 
Gymnotus, described, 686. 

Bammer, philosophical, 296. 

Hampstead, the fine prospect from, 441. 
Harmonic Glasses, 848. 

Hturvest-moon explained, 168. Cause oC 
164. 

Heat expands all bodies, 15. The causa 
of great, 188. Scale of, 377. 

Height of easy place, how found, 81. 
Heliocentric Longitude, 175. 

Herschel, the planet, when discovered, 
181. Magnitude, distance, Ac., 182. 
Hiero's Crown, cheat respecting, how de- 
tected, 254. 

Hogshead, how burst by the pressure of 
water, 224. 

Hooke, (Dr.), his microscope, 462. 
Hop-waggons, dangerous to meet in an 
inclining road, 88. 

Horizon is a Greek word, signifying a 
boundary, and denotes the circle in 
which the apparent plane of the earth 
terminates in the concave of the sky; 
or, in frmiliar phrase, the boundary 
where the sky seems to touch the 
surface of the earth or sea. This is 
now called the sensible horizon, to 
distinguish it fTom the true or astrono- 
mical horizon, wifich is parallel to the 
sensible, but is conceived to be a plane 
passing through the centreof the earth, 
and dividing the whole celestial sphere 
into the upper and lower hemispheres. 
Sensible and rational, 128. To which 
we refer the rising and setting of the 
sun, ib. 

Hydraulics, hydrostatic principles ap- 
idled to mills, eni^eB, pumps, Ac. 
Hydrometer, an instrument to measure 
the strength of spirits. Desoribed, 
269. To what api^led, 268. 

Hydrostatics, the origin of the term, lt». 
The objects of, ib. 

Hydrostatic Balance, 246. 
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tfy&rotMie B^Oowt described and ex- 
plained. 222. Press, 224 and 28fi. 
Fluids, pressure of, in proportion to 
the perpendicular heights, 224. 

Hydro^atic Paradox explained, 217. 

t^grometer^ an instrument by which the 
moisture of the air is measured. Its 
construction and use, 281. Different 
kinds of, 882. 

Jack<^lantem, 529. 

Immerut to plunge in. 

Impelt to drive on. 

Zneidencet lines of, 887. Angle of, 394. 

Indined PleMe, 11. 

Jncotnpreuible, not capable of being 
pressed into a smaller compass. 

Inertia, a tendency of matter to continue 
in the position in which it is. Ac- 
cording to Newton, everybody con- 
tinues in one uniform stale, unless it 
be altered by a foreign force. 

Ingenhouz, (Dr.;, referred to, 19. His 
character, ib. 

Tntersticei, the hollow spaces between 
the particles of matter. 

Iron, oxide of, 548. 

Jupiter, the planet, 177. Its magnitude ; 
distance from the sun ; the velocity of 
its motion, ib. The length (ff its days 
and nights, ib. Satellites, ib. 

Juliue Catar, the part he took in reform • 
ing the year, 146. 

Lateral, on or at the side. 

Latitude of the planets, their distance 
from the ecliptic, 1 18. Faridlels of, 135. 

Lead, eleven times heavier than water, 
216, 240. Oxide of, 546. Acetate of, 
552. 

Leaf, gold, silver, & 0 ., how burnt, 549. 

Leake, in banks, how secured, 282. 

Leap-year, what meant by, 146. Buie 
for knowing, 147. 

Lemee, different kinds, described, 404. 
Focus, 405. 

Leeele, construction of, 205. Use of, 206. 

Lever, a mechanical power. It is an 
inflexible bar, suppoi^ and moveable 
on a pivot, or prqp, called the /u^rum. 
Its power d^ends aa the proportion 
between the lengths of the parts of 

. the lever on each side of the fulcrum. 
For what used, 59. Why called a 
mechanical power, 60. Of the fird 
kind, what instruments referred to. 


64. How to estimate its power, a^. 
Of the eecond kind, what instruments 
referred to, 65. Of the third kind, 
what instruments referred to, 66. < 

Levere, how many kinds, 60. Their 
properties illustrated, «6. 

Leyden Phial, 506. When first discovered# 
507. Description of, 508. 

Light,iiA great velocity, how discovered, 
188, 890. Ofwhat composed, 888. Of 
sun sutijectto no apparent diminution, 
389. The source of light to the pla- 
netary worlds, 388. Moves in straight 
lines, 391. Bay of, what meant by, 
898. Beflected and refracted, 893, 
408. Its great advantages, 416. 
Folariaed, 668. Double refracted, 563. 
A compounded body, ib. Galvanic^ 
how perceived, 647. 

Lightning, conductors for, 525. 

■ effects of, ib. 

Liguide and Fluids, distinction between, 
200 . 

Lines, right, what meant by, 4, note. 
London, how supplied with water, 286. 

Bridge, water- works at, 288. 

Long Days, the reason of, 135. 

Longitude of the Planets, &c., 118. He- 
liocentric, 175. 

Lungs Glass, 319. 

^ Machine, electrical, 491. The most pow- 
erful 495. 

Magic Lantern, 468. 

Magnet, described, 472. Its uses, ib. 
Directive property, ib. Artificial, 473. 
Properties of, ib. 

Magnets, how to make, 477. 

Magnetic attraction and repulrion, 474. 
Magnetism, summary of facts and prin- 

Magneto-ekctridty, 559. 

Marbles, reason why they roll to greater 
or less distances, 42. 

Mariner*s Compassi described, 479. Va* 
nation of, 480. 

Mars, the planet, its distance from the 
sun; its velocity; its magnitude, &c., 
173. 

Matter, every substance with which we 
are acquainted. How defined, 8 
Capable of infinite division, 9. Be- 
markable instances of the n^ute di- 
vision of, ib. 

Mechanical Powers, how many, and what 
they are, 53. 

Mechanics, importance <ff, 55. fowef 
gained by them, ib. 
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their isunenie distanoe, li2. Fixed, 
deseription of, ISS. Their uses, X90. 
Fellbig, whet thef ere, ib. 

Steam Engimt its use, 860. When in- 
rented, 861. Its structure, 862. The 
appUeetUm, 866. That of Messrs, 
li^itbreaddeecribed, 868. Its power 
talcalated, ^ Accidents occasioned 

Steetyardt a sort of lever, 61. Its prin- 
ciple described, «'A. Its advantages 
over a pair of scales, 68. 

Sierm$t by what occasioned, 630. 
new and old, 147. 
no such principle in nature, 800, 

801. 

Sulphurett alkaline, what meant by, 661. 

8emmer$t two in a year in some places, 
140. 

Sm and Chekst seldom together, 112. 

Sun, declinatioa of. 111. Longitude oC 
118. Has no latitude ib. Its mag- 
nitude, 114. ^hyit appears so small, 
ib. Its distance ftom the earth, ib. 
Annual motion of, how observed, 106. 
Nearer to the earth in winter than in 
summer, 187. Eclipses of, 167. A 
description of, 186. 

Stemming, theory of^ 264. How to be 
obtained, 266. liess natural to man 
than toother land animals, 266. 

Syphen, the structure of, explained, 368. 
Its ptinciide, ib. ) 

^fringe, its structure explained, 887. , 
Ck>nden8ing one desenib^, 816. 

Tamgenit a straight line, which touches a 
curve in one point but does not cut it. 

Tangible^ capable of beingfelt or handled. 

Tantalui'i Cup, 270. 

Tatte, a disagreeable one excited by the 
contact of metals placed on and under 
the tongue, 646. How accounted for, 
ib 

rvieseopet refracting, explained, 468. 
Night, 466. Beflecting, explaiii^467. 
Dr. Herschel’s, 469. 

Tentiou, electrie, 658. 

Termt, technical, derived ftom the Greek 
language, 199. 

I%ermemeter, its oonstmetion and uses, 
871^878. Its scale, 878. Wedge- 
wood's, 876. Beaumuris Male com- 
pared with Fahrenhett's, 877. Heat, 
scale of, ib. i 

tbemder, how piodunsdt 881. Thunder ^ 
clouds, ib. 


Tides, the cause o^ explained, 169 — 168. 
Two every 25 hours, 161. Different 
in different places, 162. When the 
highest happen, ib. 

Time, equal and apparent, how distin- 
guish^, 141. On what the difference 
depends, 142. Equation of, 112 and 
141. Division of, 149. 

Time and Space, clear ideas of^ necessary 
to be formed, 64. 

Torpedo described, 636. 

Torrieellian experiment, 398. 

Transferrer, an instrument used in 
Pneumatics, 302. 

Transit, in Astronomy, is the passage of 
one heavenly body over the disc of a 
larger one ; for example, the transit 
of V^enus over the Sun’s face. When 
the nearer body has a greater apparent 
diameter, so as to hide the other, the 
passage is termed an Oocultation of 
the latter. 

TrembUng-eei noticed, 687. 

Triangle, what meant by, 6. Any two 
sides of, greater than the third, 50. 

Tropics, circles parallel to the equator. 

Trumpet, speaking, described, 888. When 
first used, 884. 

Trumpets for deaf persons, 386. 

Tube, a pipe. 

Twilighs, the degree of light experienced 
f>etween sun setting or rising and 
dark night. 

Undulation, swinging or vibrating. 

Undulations of Light, 889. 

Facusah is literally an empty space ; fhe 
word is generally used to denote the 
interior of a dose vessel, fh>m which 
the air has been extracted. 

Valee, a close lid, affixed to a vessel, by 
means of a hinge, and which can be 
only opened in one directi(m. 

Valves, wbat meant by, 279. 

Vegetables, how blanched, 419. 

Velocity, a term applied to motion. Ac- 
celerating, what meant by, 80. 

Venus, the planet, its distance from the 
sun ; the velocity of its motion ; its 
magnitude, 170. Why an evening 
and why a morning star, 171. Tran- 
sit of, what meant by, 172. 

Vernier, its construction and use, 866. 

Vertex, the top of anything. 

Vibration, the swinging motion of a pen- 
dulum. 
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n* Jkeriia, 47. 

Fmon» the cause of* 489. 

VokOile, readily passing into vapour, or 
evaporating. 

FoloameM in the moon, 164. 

Voltah Batteries, 647. Shock, 648. Cir- 
cles, 550. 

Voltainn, 547. Experiments, &c. 653. 

WcM, leaning one at Bridgenorth. 37. 

Water, considered incompressible, 202. 
Pure rain, the standard to compare 
other bodies vdth, 240. Weighs the 
same everywhere, ih. Always deeper 
than it appears to be, 266 and 400. 
How raised from deep wells, 283. 
Decomposed, 551. 

Waiter-clocks, 231. 

Water-press, 285. 

Waterspouts, their cause, 530. 

Weather, rules for judging of, 385. 

Wedge, a triangular piece of wood or 
met^, to cleave stone, &c. Its prin- 
ciple explained, 79. Its advantages 
in cleaving wo^, 80., What instru- 
ments referred to, ih. 

Wedgeiooodis Thermometer, ZIU. 

Weight of bodies in vacuo, 820. 

Well, how to iind the depth of on 

Wheel arid Axle described. 68. For 
what purposes used, 69. Its power 
estimated, ih. How increased, 70. 
Explained on the prn\;iple of the 
lever, 72. 


I Whirlwinds, 530. 

Whispering Qattery, 841. 

White, Mr. James, his invmition of a 
crane, 72. His patent pulley, 76. 

Wirsd, what it is, 843. The cause oC 
344. Experiment on, ih. Definition 
of, 846. Its direction denominated, »l 
The cause of its variableness in Eng- 
land, 847. How to find its velocity, 
348. How many kinds, and why so 
named, 345. 

Wind-gun, 822. 

Windsor, rope-pump at, 284. 

Winter, why colder than the summer, 
187. 

Wood, burned to a coal in water, 407. 


Year, its length, how measured, 146. 
Gregorian, what meant by, 147. The 
beginning of, changed from the 25th 
of March to the 1st pf January, 148. 


Zenith, that point of the heavens whidi 
is over one’s head. 

Elite, experiment with, 547.. 

Zodiac, so called (from the Greek Za>o», 
an animal) because it contained the 
figures of all the animals which formed 
the twelve signs. It is a broad belt 
or circle, the earth’s orbit and the 
apparent path of the sun. Signs of, 
109. Dr. Watts’ lines on, 110 
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A Bbeius oi Litjeeal PE(»KTRA.fr8ULTio!fS or ttts Geiex eea Latix CUfnoi 

WITH EOT M AKD 1MDXXE8. 

VfMtm with the Staebaed LtdeaIit, 6 ». meh (exeepi ThitevMdes, Meehylnit 
^ttee, Cicero*e Offices, DentOMUieuet, Jpj^dix to Jischylm, Arislotte's Orpiuum, 
k tl of which are Zs. (id. each toluine). 

1. HERODOTUS. By the llxv. IIenM (&y, M.A. FrontUpxeee. ' 

2 & 3. THUCYOiOES< By the Bkv. H. Dale, lu 3 Vols. (3 a. 6 J. eacli). Frontispiece, 

4. PLATO. !• By Caey. [The A))ology of Socrates, Crito. Phoedc^ Gorgins, 

ri-otaguins, Biiwilrus, Tlieictcius, Eutliyphron, Lysis.] Frontis^ 

6 . LIVY'S HISTORY OF ROME, literally trunslRtcd. Vol. I., Books 1 \o 8 . 

5. PLATO. Vol. II. By Davis. [The Itepublic, Tinwus, and Critias .3 ' 

7. LIVY'S HISTORY OF ROME. Vol. 11., Books 9 to 26. 

9. SOPHOCLES. The Oxford Translation, revised. , 

9. iESCHYLUS, literally translated. By an Oxoetae. (Price 8a. 6</.) 


g* Appendix to, containing the new readings given in llcrni ann*« posthn- 

mous edition of yEscliylus, translated and edited by 6. Burges, M.A. (3a. SB). 

10. ARISTOTLE'S RHETORIC AND POETIC. With Examination Qaesiions. 

11. LIVY'S HISTORY OF ROME- Vol. IIL, Books 27 to SO. 

12 & 14. EURIPIDES, liteniUy translated. Prom the Tc.Yt of Dindorf. In 3 Vpls. 

13. VIRGIL By Davidson, l^ew Edition, Revised. (Price 3a. 6(f.) JProiifi^iACA. 

16. HORACE. By Smart. New Edition, Revised. (Price Sa. 6//.) Fronii^ieee. 

16. ARISTOTL E'S ETHICS. By Peof. R. W. Beownk, of King's College. 

17. CICERO’S OFFICES. [Old Age, IViendship, Scipio’s Dream, Pamdoxes, &c.] 

18. PLATO. Vol. 111. By 6. BuroeE, M.A. [Euthydemus, Symposium, SopUistee, 

i'oiiticus, Laches, Parmenides, Cratyius, and Menu' ] 

19. LIVY'S HISTORY OF ROME. Vol. IV. (which completes the work). 

20. CASAR AND HIRTIUS. With Index. 

21. HOMER'S ILIAD, in prose, literally translated. Frontispiece, 

22. HOMER'S ODYSSEY, lltMNs, Efigbams, and Battlx or thx Ebogb and Micx. 

23. PLATO. Vol. IV. By G. Burgks, M.A. [Philchus, Cniarmides, Laches, The 

Two Alcibiad(!a, and Ten other Dialogues.] 

24. 26, & 32. OVIO. By li. T. RILEY, B.A. Complete in 3 Void, Frontispieces. 

26, LUCRETIUS. By the 11 k v. J. S. W.atson. WTtli the Metrical Version of J, M. Good. 

27, 30, 31, & 34. CICERO’S ORATIONS. By C. D. Yonqe. Complete in 4 Vola. 

(VoL 4 contains also tlic llhetoricui Pieces.) 

28. PINDAR. By Dawson W. Tubnkr. With the Metrical Version of Moobb. Front, 

29. PLATO. Vol. V. By G. Bubges, M.A. [The Law's.] 

33 & 36. THE COMEDIES OF PLAUTUS, By H. T. Riley, B.A. In 2 Volt. 

36i JUVENAL PERSIUS, &o. By the Rev. L. Evans, M.A. With tlie Metrical 
Version of Giffuud. Frontispiece. 

37 . THE GREEK ANTHOLOGY, translated cliicfly by G. Bukqks, A.M., with Metri- 

cal Versions by various Authors. 

38. DEMOSTHENES. The Olyntliiac, Philippic, and other Public Orations, with 

Botes, Appendices, &c., by C. Rann Kennedy. (Sa. Zd.) 
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aOi SAULUST. FLORUS, «n4 VELLEIUS PATERCULUS, with copioui Notes, Bio- 

\ fdphteu NoUee«, txA Itidex, by the Kev. J. S. Watoon, M.A. 

j 40. LUCAN‘8 PHARSALIA, with copious Notes, hy H. T. Rilky, B.A. 

I 41. THEOCRITUS, BtOH, WOSCWUS«»4 TYRTiEUS, by the Rev. J. Banks, M,A. 

I with the Metrical Versious of CuAriiAN. Fr*)H‘ti<»pi«ce. 

1 42. CICERO'S ACAOEMICS, DE FIlltRyS nnd TUSCULAN QUESTIONS, by 

I C. D. Yunqc, B A. With Skefcdt Of taie Greek PhilosQpliy. 

! 43. ARISTOTLEB POLITICS AND ECONOMICS, by E. Walfokd, M.A., with 

» Notes, Ahaiywee, Life, Introdsictum, and Index. 

I 44. DIOGENES LAERTIUS. LIVES AND OPINIONS OF THE ANCIENT PH<> 

I LOSOPHERS, with Notes by C. D. Yonct, B.A. 

45. TERENCE and iPH/EDRUS, by H. T. KiLXt. Ho whidi is added Shart’s 
M etrical VerstoQ of Fheodrus. irouH^iec*. 

4C & 47. ARISTOTLE'S ORGANON, or. Logical Treatkiea, and the Introduction 
of Porphyry, with Notes, Analysis Litrouuction and Index, by the Ber. O. 

I 1'. OwKN, M.A. 2 Vols., Sf. 6d. per Vol. 

48 & 49l ARtSTOPHA1IIE& with Notes and Extracts from the best Metrical Versions, 
by W. J. Hickie, in 2 Vols. FrotUitpUa. 

60. CICERO ON THE NATURE OF THE GODS, DIVINATION, FATE, LAWS, 
REPUBLIC, ioo^ translated by C.D. Yonoe, B.A. 

61 APULGIUS. [The Golden Ass. Death of Socrates, Horida, and Defenoe or Discourse 
on Magic]. To which is added a Metrical Version of Cupid and Psyche; and 
Mrs. Eighe’s Psyche. ffraUitpieoe. 

62. JUSTIN. CORNELIUS NEPOS and EUTROPIUS, with Notes and a General 
Index, by the i^v. J. 8. Warsofr, MA.. 

63 & 68. TACITUS. VoL f Ibe Annals. VoL XI. The History, Germania, Agri<*^^ 
cola, &c. With Index. 

64. PLATO. Vol VI., coinpltr:^g the work, and containing Epinomis, Axiochus, Eryxias, 
on Virtue, on Justice, Sisyphus, Demodoeus, and Definitions; the Treatise of 
Timteus Loenus ou the Soul of tbc W^orld and Nature ; tlie Lives of Plato by Dio- 
genes Laertius, Hesychius, and Olyinpiodoms * and tlte Introductions tolus* Doc. 
trines by Alciuous and Albinus; Apiueiu^on the Doctrines of Plato, and Beniarks 


ueius on the Doctrines of Plato, and Beniarks 


ou Plato’s Writings by the Poet Gray. £dited,*with Notes, by G. Burges, M.A., 
Trin. Colt., Gamh. With general Index to the 6 Volumes. 

66, 66. 67. ATHEN>EUS. The DcipnosophistSfOr the Banquet of the Learned, trans. 
lated hy C. D. Xonge, B.A., with an Appradix ef Poetical Fragments rendered 
into Estgiish verse by vuiious Authors, and a general Index. Complete in 3 Vols. 

60. CATULLUS. TIBULLUS, and the VRML OF VENUS. A literal prose tranala- 
tion. 9^ which ore added Metrical Versions by LauB, GBAiNGEn, and others. 
I^outitpUce. 

60. PROPERTIUS, Pktronujs Arbiter, and Johaenxs Secvndvs, literally trans- 

late, and uooompaiiied bgr Poecical Versions, from various sources; to wiiieh ane 
added the Love Epistles of Arist^bnetub. Edited by WT. E. Kelly. 

61. 74, tc 81. Tfte OEOGRAPHY OF STRABO, translated, with copious Notes, by 
W. Falcon EB, M.A., and H. C. Hamilton, Esq. In 3 vols., and Index. 

62. XENOPHON'S ANABASIS, or Expedition of Cyrus, and MEAIORABILIA; or 

Memoim oi boerntos, translated hy the Itcv. J. S. Watsob, with a Geograpliical 
Covumeutary by W. F. Ainbwortm. Fronihpieee, 

53, CTROf.«DiA and Heluskicb, by the Ber. H. Dale, RUd the Her. 

J. S. Watsok. 
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04, 67, 60, 72, 78, & 81. PUWrS NATURAL HISTORY, with copiohb Notes, hi I 
I)r.BosTocKaiidT.H.Rii.i!T. IttSroluMcs. Volt. 1., lU IH., Iv., V. aad VI. I 

65. SUETONIUS. LWes of the CtosaTt, and other Works. T8 «kson’ 8 Translation 1 

xevisod by T. Fokbstsb. 1 

66. DEMOSTHENES ON THE CROWN, AND EMBASSY, by G. Sxjvitbdy. | 

58. CICERO ON ORATORY AMO MATORS, by the Her. J. S. Watoow, M.A. S 
This voiiiime eompletes tiie GJisaieal Library cdUion oi Cicero. I 

70. GREEK ROMANCES. Heliodbm^ Longns, and Acfaillet Taiini. | 

71 A 76. QUINTILIAN S INSTITUTES OF ORATORY. By the Resr. J. 8. Wawow^ ! 
M.A. Complete, with Notes, Index, and Biographical Notice. 2 voWunes. J 

73. HESIOD, CALLIMACHUS, AND THEOGNIS, in Prose, by Babks, with the I 
Metrical Versions of Lltois, Txn,BB, and Fiikbb. J 

76. DICTIONARY OF LATIN QUOTATIONS, with the Qnanttties marked and \ 

English Translations ; incLnding Pro\ erhs, Maxims, Mottoes, Law Xerme and Phrases; j 
with a Collectioii of above 600 Qbeek Quotations. J 

77. DEMOSTHENES AGAINST LEPTIN^ MIMAS, ANDROmON, ANO J 

ARISTOCIlATi< S. By CnAHLxa Bank Kknnxot. 9 

79. XENOPHON'S MINOR WORKS; translated by the Rev. J. S. Vaoson. j 

80. ARISTOTLE’S METAPHYSICS, literally translated, with Notes. Analysis, Exa- | 

mmation Qnestions and Index, by the Rev. John H. M'Mahon, M.A. 2 


BOHN’S AHTiqUARIAN LIBHART. 

Vwform, mth the bTANDAno Libraat, prioe 

. BEDE'S ECCLESIASTICAL HISTORY, & THE ANGLO-SAXON CHRONICLE 
. MALLETS NORTHERN ANTIQUITIES. By ItiJ^noP Peecy. With Abatnwt 
of tlie ErbyggM Saga, by biR Wa..tee sroTr. Edited by J. A. Blackwell. 

>. WILLIAM OF MALMESBURY’S CHRONICLE OF THE KINGS OF ENGLAND. 
. SIX OLD ENGLISH CHRQNICLj^S: vi/.., Asser'slafe of Alfred; the Chrooieiet 
of Etlielwcrd, Gllda-s, Ne^ius, Gootfry of Moumouth, and Richard of Cirencester. 

. ELLIS'S EARLY ENGUSH METRICAL ROMANCES. P-PMsed by J. Oecuaed 
IlALLiWELL. Complete m one rot , IHumtuttfed Frontispieee. 

CHRONICLES OF THE CRUSADERS: Richard of Devizes. Geoffrey de Viosauf. 
Lord de Joiuville. Complete lu 1 volume. Ircuiispiece, 

. EARLY TRAVELS IN PALESTINE. WiUihald, Seewnlf, Benjamin of Tudela, 
ManUeviUe, La Brocqnierc, uud M.uindiell. In one volume. JFUh 3Iafi. 

, 10, & 12. BRAND'S POPULAR ANTIQUITIES OF GREAT BRITAIN, By 

MB Hknkt Ellis. In 6 Vohi. 

» & n.^ ROGER OF WENDOVER'S FLOWERS OF HISTORY (formerly ascribed 

to Matthew Pans.) In 2 Vo^. 

t. KEIQHTLEY'S FAIRY MYTHOLOGY. Enlarged. Prosfispiscs by Ceuixshank. 
, 16. & 16. SIR THOMAS BROWNE'S WORKS. Edited by Simon 
Portrait. In 3 Vols. 'Wiili Index. ,> 

7% & 31. MATTHEW PARIS'S CHRONICLE, containing the History of 
England from 12.35, with Index tA the whole, includmg the ]^rtieu pnblislicd 
under the name of Rooxe ok Wendovxb, m 3 Vols. (See 9 and 11). JPwrtmit, 

L YULE-TIDE STORIES. A collection of Scandmavian Tales and TVaditfons, edited 
by B. Thoeps, Esq. 

ANNALS OF ENGLISH 

A,D. 732 to A.D. 1201. l^n^ted by H. T. Riley, Esq,, B;.^ t YmK ^ 

. HENRY OF HUNTINGDON'S HISTORY OF THE ENSgifeildf 

Invasion to Henry II. ; with The Acts King Stephen, 


BOHN'S ANTIQUAl^AN LIBBAB7. 

22. PAULI'S UFE OF ALFRED THE CREAT. To which i« appended ALFRED'S 
ANGLO-SAXON VERSION OF OROSIUS, with a literal tran»latiou. ^utcs• 
% and au Ai»glo-$«xou Grammar and -GloBsar}', by 11. Tiiokpjc, Esq. 

24 & 25. MATTHEW OF WESTMINSTER'S FLOWERS OF HISTORY, especially 
such as relate to the affairs of Britain, from the beginning of tlie world to 
A.D. 1307. lYanslatcd by C. D. YonoB, B.A. In 3 Vols. 

26. LEPSIUS'S LETTERS FROM EGY^»T, ETHIOPIA, and the PENINSULA OF 
' SINAI. Revised by the Author. Translated by Leonora and Joanna B. 

Horn er. With Maps and Coloured View of Mount Barkal. 

27, 28, 30 & 36. OROER1CUS VITALIS. His Ecclesiastical Hieto^ of England 

and Normandy, truiislatcd, with Nbtes, the Introduction of Guizot, Critical Notice 
by M. Bciille, and very copious Judex, by T. Forester, M.A. In 4 Vols. 

29. INGULPH'S CHRONICLE OF THE ABBEY OF CROYLAND, with the Conti- 
iiimtions by Peter of Blois and other Wnters. Translulcd, with Notes and an 
Index, by H. T. Riley, B.A. 

32. LAMB'S SPECIMENS OF ENGLISH DRAMATIC POETS of the time of Eliza- 

hctii ; including his Selections from the Garrick Plays. 

33. MARCO POLO'S TRAVELS, the translation oi Marsden, edited, with Notes and 

Introduction, by T. Wright, M.A., F.S.A., &.c. 

34. FLORENCE OF WORCESTERS CHRONICLE, with the Two Continuations; 

coinprising Annals of Kuglisii History, from the Departure of the Romans to the 
Reigu of Kdwurd 1. Translated, with Notes, by T. Forester, Esq. 


35. HAND-BOOK OF PROVERBS* comprising the whole of Ray’s Collection, and a 
complete Alpbah^cal Index, in which are iulroduccd large Additions collected by 
Henry G. Bohn. 

87. CHRONICLES OF THE TOMBS: a select Collect io)j of Epitaphs; with Essay 
ou Monumental Inscriptions, &c., by T. J. pBrnoREw, F R.S., F.S..V. 

38. A POLYGLOT OF FOREIGN PROVERBS; comprising French, Italian, German, 
Hutch, Spanish, Portuguese & Danish. With Fnglisu Translations, & General Index. 

BOH H’S HISTORICAlirB BABY, 

Vuiform with the Standard Library, 5jr. per Volume. 

1, 2 Be 3\ JESSE’S MEMOIRS OF THE COURT OF ENGLAND DURING THE 

RF.IGN OF THE STUARTS, iiicUiding the Protkctohaik. In 3 vols., with 
General Index, and upwards of 40 Portraits engraved ou steel. 


BOHN^S PHIL0L0GIC0-PKIL6SGPHICAL LIBRARY. 

Uniform with the Standard Library, pnee Br.psr Volume. 

1. TENNEMANN'S MANUAL of the HISTORY of PHILOSOPHY, revised and eon- 

tiiiueiLl^ 3F. R. Morkll. 

2. ANALY^S antl SUMMARY of HERODOTUS, with synchronislical Table of 

Events, Tables of Weights, iloney, &c. 

3. TURNER S (DAWSON W.) NOTES TO HERODOTUS, for the use of Students. 

With Map, Appendices, aipludex. 

4. L0GI<5, or the SCIENCE OF 4 NFERENCE, a popular Manual, by J. Dkvjcy. ^ 
6. KANTS CRITiaUE OF PURE REASON, translated by MKiiaKJonw. 

6 . ANALYSIS AND SUMMARV^F THUCYDIDES, by T. Whbelrb. New Edithtthl' 
with ,thc addition of a complete Index. 

7 & A WftlOHTS PROVINCIAL DICTIONARY. A Dictionary of Obsolete 

jProvinctal J^glish, Clouipilcd by Thomas Wright, Esq., M.A., F. S.A., 
H.M.R.B.LM||&jl|A048 pages). In 3 vols. post bro, 10«.*~or bound in oim tiiich 
imhiiiiSb muroled edges, 12r. Qd. 



BONN’S BRtTtSH CLASSICS. 

Uniform wM ike Sxandabo LtBftART, pnei 8$. 6d. per Volmui 

h 3. 6 . 8 , 11, 14 & GIBBONS ROMAN EMPIRE; Complete and ITnalirUgea, 
n’ith variorum }iiotea ; including, in addition to all tbe Author’s own, those of 
Guizot, Wenck, I^iebuhr, Hugo, Nosmder, and other forei^ acholars. Edited by 
an English CntrncHiCAN, with a very elaborate Index; 

2, 4, C, 16, 24 8c 26. ADDISON'S WORKS, with the Notes of Bishop Hvud, and 
large additions collated and edited by Henry G. Bohn. WiCk Portrait emd 
m^jravinge on eteel. • 


WORKS, Edited by Sw WAMxa Scott. Voll. Containing th 

Adventure, and Piracies ox Captain Singleton, and, the life of Colonel 


thelifbi 

Jack. 


7. DEFOES 

Advcntuiu, niiu X 

PortraU of Defoe. 

9. DEFOE'S WORKS, Vol. 3. Containing, Memoirs of a Cavalier, Adrentnres of 

Captain Ciirieto n. Hickory Cronke, &c. 

10. PRIOR'S LIFE OF BURKE, (forming tl^e lat Volume of BURKE’S WORKS), new 

Edition,.rBvi8ed by the Auihor. PortraU. 

12. BURKE'S WORKS, Voll, containing his Vindication of Natnxftl Society, Essay on 

the Sublime and lieautiful, and vanous Political Miscellanies. 

13. DEFOE’S WORKS, EdRcd by Sir Walter Scott. Vol. 8. Containing the Life of 

Moll Flanders, m the History of the Devil. > 

15. BURKE'S WORKS. Vol. 3, containing Essay on the French Revolution, Political 
Letters and Speeches. 

17. DEFOE'S WORKS, Vol. 4. Roxana, or the Fortunate Mistress; and Life and 

Adventures of Mother lloss. 

18. BURKE'S WORKS, Vol. 3. Appeal from the New to the Old Whigs, &c., &p. 

19. BURKE'S WORKS, Vol. t, containing his Report on the Affairs of India, and 

Articles against Warren Hastings. 

21. DEFOE'S WORKS, Vol. 5, containing the History of the Great Plague of London, 
iCtiH; the Fire of London, 1006 (by an anonymous writer); the Storm; and the 
True Born Englishman. 

22 8c 23. BURKE’S WORKS (in Six Volumes). Vols. 5 fc 6. 


BOHN’S ECCLESIASTICAL LIBRARY. 

Uniform, with the Standaes Libharv, price 6s. per Volwne. 

1. EUSEBIUS' ECCLESIASTICAL HISTORY, Translated Irora the Greek, with 

holes. 

2. SOCRATES’ ECCLESIASTICAL HISTORY, iu continuation of ^L’SKBIL’s, with 

the Notes of valksu;s. 

3. THEODOR ET AND EVAQRIUS. Ecdcsiastical Histories, from a. n. 832 to 

A.i>. 427, and from am. 431 to a.i>. 544. Traiiia^cd trom the Greek, with Gener.u 
Index. 

4. THE WORKS OF PHILO JUD/EUS, trraslatcd ftom the Greek by C. D. 

VONGK, B.A. Vol. 1. 

6. PHILO JUD^US, Vol. 5. 

6. SOZOMEN’S ECCLESIASTICAL HISTORY from a.d. 834-410: and the Eccle- 
siastical History of Puilostuugius, translated from the Greek, witli a Memoir uf 
the Author, by'E. TValford, MJL. 

7 & a. PHILO JUD>EUS, Vote. 3 & 4, with general Index, ^ 


26. DEFOE'S WORKS, editeahy Sir Waltbu Scott. Vol. 6 Containing Life and j 
Adventures of Duncan Campbell ; Voyage Hound the World ; and Tracts relating J 
to the Hanoverian Accession. | 

27 8c 28. BURKE’S SPEECHES on the IMPEACHMENT of WARREN IIAS’nNGS ; j 
witli a St;icction of his Ijcttcrs, and a General Index. 3 vols. (Also forming vote. ( 
7 and 8 of Burke’s Works, which they complete.) J 
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1 14. % I^MPANIONS OF COLUMBUS.* w 1 

15 & 16. TAYLOB'S EL DORADO; or,Pietureioftliea4M£^ioii. SY^ I 

17. IRVINGS ADVENTURES OF CAPTAIN BONNEVILLE.* | 

le, KNICKERBOCKER.* i 

,9. TALES OF THE ALHAMBRA.* \ 

20. CONQUEST OF FLORIDA.* S 

2t. ABBOTSFORD AND NEWSTEAD. ! 

2fi. SALMAGUNDI.* I 

23. BRACEBRIDGE HALL.* i 

24. fiSTOR\fK (Portrait of tht Author). S Volt, in I. Si. ! 

25. LAMARTINE'S GENEVIEVE; or, ^be Hiftory of a SohrantGirl. Traiuilaied bv I 

A. ft. ScOSLE.* S 

26. MAYOS BERBER ; or, The Mmintainecr of the Atlas. A Tale of Morocco. i 

27. WILUSS LIFE HERE AND THERE; or, Sketclies «f Society and Adrentore.* f 

2a, GUIZOT'S LIFE OF MONK, with Appendix and Tortmit* J 

22. THE CAPE AND THE KAFFIRS; A Diary ^of Kvc Years* Residence, with 2 

Advice to Kmigrante. By H. W aRD. Flait iwttf Map of Ihf Seat of War. 2e, < 

30. WILLIS'S HURRY-GRAPHS; or. Sketches of Scenery, CcleUrities, and Sooie^, i 

taken from Idle.* « 

31. HAWTHORNE'S HOUSE OF THE SEVEN GABLES. A Romance. « 

82. LONDON AND ITS ENVIRONS ; with Historical and Descriptive Sketch ilpe 

Great JSxMhitieii. By CYfii’S KRDB1K6. Ktmerom nhutrathns. Sa 

33. LAMAR'iiiiSi STONEMASON OF SAINT POINT.* 

34. GUIZOTf^ONKS CONTEMPORARIES. A Series of Biographic tStAjiief eis 

Rngiisn Revolution. PorlruU cf Bdward lord ClarendoH. ii,.,,. 

35. HAWTHORNE'S TWICE-TOLD TALES. ^ 

3 g. The same, Secondaries. 

87 . SNOW IMAGE. tUd other Tales. 

88. SCARLET LETTER. i 

as. EMERSONS ORATIONS AND LECTURES. I 

4a UNCLE TOM'S CABIN ; or, Life among the Lowly; witli Introdnetory j 

by tltOrRRV. J. SHKftMA^. j 

4L the WNfTE SLAVE. A new picture of American Slave Lifis. ‘ 

42* PAYS OF BATTLE; or, Qoatre Brat and Waterloo. By an BHGUSHWDJMir, 
resideiitatBriMi^ln June, 18U, (author Of Rome in the Nineteenth CfiKtttiy). 



